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INTRODUCTION 
Corn (Zea mays L.) is the most valuable crop in the United States 
and is grown on more acres than any other harvested crop. Crop produc-
tion in the United States centers in the north central states and has 
more than doubled in the last 30 years, rising from 2.1 to 5.5 billion 
bushels. In 1970, United States corn production accounted for 48~ of the 
total world output (74). 
Tillage is one of the oldest practices in the production of crops; 
it has been used by man since anc i ent times, Although rapid advances 
have been made during the last century, it is still far from an exact 
science, Farmers must still guess at the amount of tillage to employ for 
seedbed preparation and cultivation. The use of tillage tools has been 
and is still being governed largely by estimation based on past experi-
ences (50). 
Many of the principles of good tillage practice have been handed 
down from generation to generation and only over the past three decades 
have various sciences been applied to the practice of tillage. Thus, 
agronomists and agricultural engineers with the farmers have become more 
concerned about the complexity of t he tillage process and knowledge of 
soil. They are seeking the needed physical manipulation of soil to 
increase production and decrease erosion. 
Many research programs have oeen in progress throughout the corn belt 
for a number of years on the development and use of machinery in tillage 
practices for corn production. Frequently, crop responses to tillage 
varied among years and among locations. Soil and weather vary widely, 
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and tillage practices that are satisfactory on one soil under one 
weather condition may not be effective under other soil or weather 
conditions. Corn also responds to variations of soil water, soil tem-
perature, soil air, and soil impedance. The purpose of tillage is to 
alter the tilth or fabric of the soil so that water, air, temperature, 
and strength conditions in the soil are improved for plant growth and for 
the long-time productivity of the soil (47). 
Major reasons for tillage are reduction of bulk density, weed con-
trol, seedbed preparation, crop residue management, fertilizer placement, 
soil aeration, wind and water erosion control and changes in cropping 
systems (Currence, 23). 
Known methods and new methods of evaluating soil parameters for 
describing soil conditions created by tillage and their relation to plant 
growth should be directly applied to tillage studies to show what physical 
conditions are needed and how to create those conditions for optimum crop 
production. 
The investigations have been presented here in two main parts. The 
first part deals with the influence of corn tillage system on physical 
properties of soil. In the second part, the bio-factors of plants 
associated with the corn tillage systems have been measured and were re-
lated to their effect on yield. 
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O.::J JECTIVES 
The objectives of this study are as followsr 
General Objectives 
To study the effect of corn tillage system on physical properties of 
the soil and on bio-factors of plants • 
.Specific Objectives 
The specific objectives are as follow, 
1. To determine the influence of corn tillage systems on the bulk 
density and moisture content. 
2. To determine the influence of corn tillage systems on the cone 
index of the soil. 
3. To determine the influence of corn tillage systems on cohesion 
and angle of internal friction of the soil. 
4. To determine the effects of corn tillage operations on the bio-
factors such as height of plants, stand count, weed control, 
corn moisture at harvest and corn yields. 
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REVIEW OF LITERATURE 
An early eighteenth century English farmer, Jethro Tull, is noted 
by his revolutionary ideas of horse-hoeing. In the same century a wide 
variety of horse-drawn implements was developed. Important changes in 
plow design were brought about by theorists like James Small and 
Arbuthnot as cited in Partridge (59). One of the best known earlier 
assumptions as to the reason for t illage was made by Jethro Tull. He 
said that tillage improved the productivity of soil because it caused a 
breaking down of the large soil particles into smaller ones which in-
creased the surface from which plant roots obtained their food as cited 
in baver (11). The plow is discussed at some length in an interesting 
and instructive treatise, "On Horse Hoeing Husbandry" written by Jethro 
Tull in 1733. 'full's conception of the purpose of plowing and cultiva-
tion was in part erroneous, but his book served to call attention to the 
importance of these operations in improving the productivity of the soil 
as cited in rlear (12). 
The tillage operations have been improved since Tull's day and the 
research work is now more efficiently done. Considerable attention has 
been given to bringing the science of tillage to a level where it can be 
compared with the chemical and biological aspects of soil science (44). 
Considerable space has been devoted in early literature on soil tillage 
to discussion of why plowing or other mechanical manipulation of the soil 
increased yield (42). 
Baver (11) was concerned about manipulation of soil and stated the 
problem of soil manipulation is of a biological and dynamic nature. 
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Biologically, it requires fundamental knowledge about the requirements of 
different plants on different soils relative to the physical conditions 
of the soil that is most , favorable for plant growth. From the dynamic 
point of view, tillage operations must be analyzed as to the various 
physical processes that take plac e within the soil , in regard to their 
effects of the nature of the tillage operation as well as the influence 
of certain tillage practices upon the activity of certain of these proc-
asses. Also, other factors, such as compaction and erosion, soil type 
and aggregates, moisture content and seedling emergency, etc. are equally 
as interrelated. 
The main goal of tillage according to H. Kohnke (40) is to bring 
about a soil structure that is beneficial for plant growth. This includes 
a firm seedbed in the planting rows with good capillary contact to the 
subsoil, and a fairly loose structure in the soil between the rows. This 
allows for ample infiltration and aeration, yet prevents excessive loss 
of water by evaporation. 
Gill and Vanden rierg (33) wrote that the ultimate aim of tillage is 
to manipulate a soil from a known condition into a different des ired con-
dition by mechanical means. Also, according to Gill and Vanden Berg, the 
objective of the mechanics of tillage tools is to provide a met hod f or 
describing the application of forces to the soil and for descr i bing the 
soil's reaction to the forces. A better understanding of tillage mechan-
ics ~rould provide a method by whic h the effects could be predic ted and 
controlled by the desi~n of a tilla~e tool or by the use of a s equenc e of 
tillage tools. 
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Larson (45) emphasized the need for soil tillage. He cited several 
examples of tillage effects on crop yields, water intake, water-use 
patterns, and wind and soil erosion. Larson felt that the causative fac-
tors and interactions are, in most instances, poorly understood. He also 
recognized that the failure to distinguish seedbed, or row zone, from the 
interrow zone in terms of management requirements has also impaired the 
understanding of tillage and soil structure. Larson (46) studied soil 
parameters for evaluating tillage requirements for corn. These parameters 
for corn were soil temperature, secondary aggregate size, bulk density, 
volume of the zone, depression storage, plow layer storage and surface 
mulch or surface micro relief. He also pointed out that secondary aggre-
gate size and geometrical arrangement is one of the most important soil 
parameters in considering management of the row zone where seed germina-
tion and early plant growth occur. 
Considerable work has been done to obtain the influence that weather 
has on crop response to tillage (10, 17, 19, 53, 44, 76). Thompson (72) 
separated weather effects from technology effects on corn production. He 
used a multiple regression analysis in order to separate the technology 
effects. He found that July rainfall and August temperature were the two 
most important effects. Holt et al. (34) recognized the importance of 
stored soil moisture to the growth of corn in eastern South Dakota and 
western Minnesota. Larson (44) expressed the influence that tillage has 
on the soil water available for crop growth. 
Johnson and Buchele reported in 1961 (37) that an increased evapora-
tion rate as aggregate size increased from 1.2 to 8.5 mm. They conducted 
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experiments to study the effect of varying soil granule size and compac-
tion on rate of drying. Though these experiments were not directly con-
cerned with tillage operations, the results may be used to supply an in-
dication of the effects of dynamic factors related to tillage on rate of 
drying. They found that as granule size increases, the rate of soil dry-
ing also increases. Infiltration of water into, and evaporation out of 
soil profile can be modified by changing the size distribution in tilled 
layer (4). In 1965 Allmaras et al. (6) reported the extent to which these 
parameters can be modified by tillage. 
Moldenhauer et al. (54) conducted experiments to compare three till-
age methods for their effectiveness in controlling soil and water losses 
with up-and-down hill planting on a range of slopes from 3.4 to 9% using a 
rotating-boom rainfall simulator. Following are conclusions taken from 
this study. 
1. System of ridges with mulched furrows reduced erosion 8~ com-
pared with a conventional tilled system. 
2. On plots with simulated rainfall, slopes had little effect on 
the total runoff for ridges. 
3· The ridged plots had slightly higher runoff volumes indicating 
that the ridges shedded the water into the furrows which in 
effect reduced the area available for infiltration of water. 
(The impoundment feature of ridges was inoperative in the up-
and-down hill rows.) 
Ma~y investigations have been made on crop response to tillage prac-
tices as well as to aid in describing a desirable environment for plant 
growth. Literature was reviewed for bulk density, soil moisture, soil 
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strength, weed control and plant population, 
Bulk Density 
It has been known that the manipulation of soil by tillage practices 
changes the bulk density of the soil, Alderfer and Merkle (3) studied 
the alterations in bulk density due to tillage, Richard and Wadleigh (61) 
pointed out that the changes of bulk density created by tillage practices 
influence the void-solid relationship and they modify the consistency of 
the soil and its capacity to conduct and retain water, air and heat, 
Buchele (18) developed a power sampler of undisturbed soil to inves-
tigate its use in physical measurements made on undisturbed soil cores, 
Kuipers (43) was one of the first researchers in the agricultural 
field to investigate the use of soil surface profile to study the change 
in bulk density, He developed a relief meter which measured the heights 
of the soil surface to a datum line. Luttrell (50) used the relief meter 
for bulk density determination, He used a profile meter developed to fa-
cilitate the collecting and recording of soil surface data automatically, 
Phillips (60) used for bulk density determination an undisturbed 
soil cores taken with a power-driven core sampler developed by Buchele 
(18), Hy the use of this sampler it was possible to take an undisturbed 
soil cylinder 3 inches in diameter and 18 inches long, Currence (23) used 
the same motor driven, soil core sampler to obtain undisturbed soil sam-
ples, Smith et al, (68) presented a method to make "in situ" measurement 
of bulk density and its response to a change in soil porosity, 
Diebold (24) studied the effect of tillage practices upon intake 
rates and runoff. He found that when the bulk density was 1.17 g per cc, 
the infiltration rate was 4.7 inches per hour, When the bulk density 
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reached 1.49 g per cc, the infiltration rate was 1. 2 inches per hour. 
These alterations in the bulk density can have effect on the soil mois-
ture. 
Compaction or the increasing of soil bulk density by the reduction 
of pore space between the soil particles can produce a deterioration of 
the soil structure. In tilled zone, the deterioration of structure can 
create soil crusting, reduction of pore space and compact layers or hard-
pans. 
Lemos and Lutz (48) found that natural soil crust created through 
soil genesis had a greater bulk density than underlying soil. 
Aggregation of soil particles is an important factor in the elimina-
tion of conditions of crusting and compact zones. 
Luttrell's (50) results of tillage studies indicated that bulk den-
sity, clod size, and surface roughness correlated with each other. 
Soane (69) investigated a gamma-ray transmission method for the 
measurement of bulk density in f i eld tillage studies. The results showed 
that the method is satisfactory for measurement of the abrupt changes in 
soil bulk density which can occur in field tillage studies. 
Soil Hoisture 
Soil moisture plays an important part in determining tillage ma-
chinery performance. The moisture in the soil is one of its most impor-
tant components. It is a very important factor in determining the nature 
of the soil and the properties and processes that govern plant growth. 
Soil moisture is, in addition, a highly important agricultural factor. 
Controlling water conditions in the soil is always an important technique 
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in improving the productivity of agricultural land. 
The functions of soil in respect to the growth of higher plants are 
to supply the necessary mineral nutrients, water, and oxygen and to pro-
vide the environment for the elaboration of the root system that absorbs 
these substances and anchors the aerial parts (14). According to Kirkham 
and Powers (39), to understand the physical behavior of water in soil we 
need a mental picture of the water molecule. They also write that the 
main reason for investigating the structure of water is to help explain 
its interaction with soil particles . 
Kohnke (40) shows that a soil should only be tilled when its struc-
ture is improved by such an operation; when the soil is too wet, it is 
puddle by tillage. When it is too dry, it has such a high degree of 
cohesion that it breaks into large clods and powder, so that structure 
suffers. He also said that very important soil-moisture condition is 
estimated to fall between pF 2. 8 and 4.4. He indicates the pF of 2.8 as 
the wet limit of best tillage. The pF function is defined as the loga-
rithm to the base 10 of the numeri cal value of the negative pressure of 
the soil moisture expressed in centimeters of water. 
According to Schwab et al. (64) simplest classification of soil 
moisture includes three categories: 
1. Hygroscopic moisture1 water held tightly to the surface of soil 
particles by absorption f orces. 
2. Capillary moisture1 Water held by forces of surface tension as 
continuous films around particles and in the capillary spaces. 
3. Gravitational moisture, l4ater that moves freely in response to 
gravity and drains out of the soil. 
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Furr and Reeve (30) classified soil moisture into the following 
categories as affects availability for plant uptakea 
1. Soil moisture available for vegetative growthr that moisture 
held between field capacity and the permanent wilting percent-
age. 
2. Soil moisture available to sustain lifea that held between the 
permanent wilting percentage and the ultimate wilting percent-
age. 
J. Soil moisture completely unavailable to plantsr that moisture 
held at tensions higher than the ultimate wilting percentage. 
Kohnke (40) presented a practical classification of soil water by 
dividing it into the conditions in which it exists. He makes the rela-
tionships between the various dimensions expressing soil-moisture tension 
and the soil moisture constant1 
Water constitution and inter-layer water 
Hygroscopic water 
Capillary water 
Gravitational water 
Groundwater 
Above pF 7 
pF 7-4.5 
pF 4.5-2.5 
pF ~.5-0 
Tension free 
The traditional method to determine moisture content of soil is to 
weigh it before and after oven-drying at 105° c. Soil moisture content is 
expressed as the moisture percentage based on oven-dry weight. Some 
direct and indirect methods for measuring soil moisture are presented by 
Gardner (31). 
Shaw et al. (67) wrote that soil moisture measurements have been made 
by numerous devices and techniques. These can be classified into three 
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groupsa (a) point samples such as that measured by the Bouyoucos blocks, 
(b) line sample such as that measured by the Veihmeyer or King soil 
sampling tube, (c) volume sample such as that measured by the neutron 
moisture meter. The neutron moisture meter is a device which has been 
used to determine the measurements of moisture change in the soil (38). 
Luttre11(50) studied the effect of the combination and sequence of 
various tillage systems. These studies were conducted on three different 
kinds of soil and no conclusive results were reached by soil type or 
moisture content. 
Soil Strength 
An understanding of the mechanical properties of the soil under till-
age practice is essential for optimum selection and utilization of the 
practices. 
The variations of mechanical properties of soil exert a physical re-
sistance effect on the growing root and on the environmental requirements 
of germination such as moisture and gas exchange. Bradford (16) pointed 
out that a change in the mechanical properties will alter the aeration, 
water, and thermal properties of the soil, which in turn affect the plants 
response. He also pointed out that it is usually difficult to determine 
the specific effects of mechanical impedance upon root growth because the 
aeration, water, and thermal properties of the soil are interdependent. 
The effects of physical impedance are severe when soil had been com-
pacted while moist and then dried. Donahue et al. (25) define engineering 
compaction as any process by which the soil grains are rearranged to 
decrease void space and bring them into closer contact with one another, 
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thereby increasing the weight of bulk material per cubic foot. A major 
effect of soil compaction is an increase in soil strength which results 
in increased physical impedance to subterranean plant growth. As soil 
strength increases, the plant correspondingly must exert more pressure to 
extend its growth through the soil. Aeration and moisture availability 
are also affected by a reduction of pore space resulting from compaction 
( 41). 
Extensive work has been done on the subject of soil compaction and 
associated plant responses. Phillips (60) performed laboratory experi-
ments to study the growth of corn seedlings. His conclusions were as fol-
lows, 
1. Bulk density and needle penetrability limit growth and elonga-
tion of roots. 
2. Needle penetrability is a slightly more sensitive indicator of 
mechanical impedance of soil than is bulk density. 
3. Needle penetration is a more sensitive index to final yields than 
is bulk density. 
The responses of plants to the effects of high soil compaction were 
studied by Rosenberg , Floker et al., Phillips and Kirkham, Barley at al., 
and others as quoted by Kollman (41). 
Gill and Miller (32) observed on the root growth of corn seedling a 
pronounced interaction of mechanical impedance and aeration. 
~owen (15) studied 18 different situations affecting cotton seed 
germination and emergence. The followinE conclusions were taken from his 
study1 
1. Histories of only four variables were adequate to permit a 
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prediction of the general degree of emergence resulting from 
various combinations of surface compaction and soil moisture 
content at planting. 
2. A unique physical environment resulted from each combination of 
soil moisture content, surface compaction at planting, and weath-
er pattern following planting. 
3. A wide range in subsequent physical environmental histories 
could be produced by simply varying moisture content and surface 
compaction at the time of planting. 
4. The effects of planting operations on the physical environment 
were clearly evident throughout the period of emergence. 
5. A stress of any kind increased the time for emergence of the 
seedling. 
Kollman (41) investigated the effects on soil compaction on weed 
seedling emergence under controlled laboratory conditions. Experimental 
variables were bulk density, soil moisture level, temperature, planting 
depth, planting density, and weed species. This physical resistance of 
the soil is a major cause of reduced seedling emergence from compacted 
soil. 
Jensen (36) performed a field experiment to evaluate the soybean 
growth and yield under two levels of applied compaction and irrigation of 
the soil. Accompanying measurement s of soil moisture, soil aeration, and 
soil bulk density were made to aid in the evaluation of the results. The 
following conclusions were drawn from his experimenta 
1. Compaction of the soil decreased the plant height and average 
seed weight throughout the soil moisture range. 
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2. The increase in growth resulting from irrigation was largely 
independent of the decrease of growth by soil compaction. 
Aldabagh (2) studied the effect of tile drainage on trafficability 
of soil and mobility of agricultural equipment. This purpose was achieved 
by first relating the performance of vehicles to soil strength in te1~s of 
rating cone index. The rating cone index was evaluated by the cone pene-
trometer and remolding equipment. Relations were developed between soil 
strength, moisture content, and depth to water table for poorly drained 
soil. , 
rtecording penetrometer has been used in evaluating of strength prop-
erties of soil. McClelland (51) developed a penetrometer to measure the 
horizontal resistance of the soil. Morton and Buchele (55) designed a 
special penetrometer which measured the emergence force of a seedling. 
Also, Arndt (7, 8) developed a special penetrometer for determining the 
emergence force of a seedling. Sedgley and Barley (66) described that 
the data of Morton and Buchele (55) are the most adequate data available 
on the emergence force of a seedling. They obtained results concerning 
the energy required for emergence increased directly with depth of plant-
ing surface drying, compaction, and indirectly with moisture level at the 
time of measurement. Wanjura et al. (78) found that there was a negative 
correlation between penetrometer readings and cotton seedling emergence. 
They reported that penetrometer recordings gave an appropriate index of 
soil strength. 
Harley and Greacen (9) descrt bed three types of failure in soils as 
created by plant organs. Failure under shearing stresses without com-
pression of the soil, failure under tensity stresses, and failure under 
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shearinP, stresses with compression of the soil, 
Dunlap et al, (27) compared values of soil shear obtained with 
devices of different geometrical shapes. The following conclusions were 
taken from his study1 
1. The three soil-strength measuring devices--sheargraph, grouse-
red annulus, and NIAE shear box--did not give the same values of 
the parameters C and ¢. 
2, Relative to C, the sheargraph gave higher values, the NIAE shear 
box lower values, and the grousered annulus gave values between 
the two, 
3. Accounting for relative displacement did not produce agreement of 
stresses measured with geometrically different grousered annuli 
in a single soil and soil condition, 
4, The soil's nonuniformity with depth affected the magnitude of 
measured shearing stress. 
Cohron (21, 22) described a portable recording soil sheargraph which 
was designed to be capable of making rapid measurement of soil shear 
strength. 
Stong and ~uchele (71) reported a method of identifying soil strength 
by means of the "Bekker Soil Values". They discussed the effects of till-
age operation, moisture content and bulk density on soil values. Data 
obtained in these studies shows that plowing has the greatest effect on 
the soil values while disking has only a small effect, Both tillage 
operations reduce the soil strength. Panwar and Siemens (58) indicate 
that the tillage machines are evaluated in terms of the input energy re-
quired per unit area or volume of soil manipulated, but terms for 
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evaluating the output have not been well defined. They studied the 
effects of moisture content and density on the strength parameters and 
energy to cause failure using soil samples tested under unconfined com-
pression, direct shear, and a model tool. Results were compared with 
respect to cohesion, angle of internal friction, and energy to cause 
failure. The following conclusions were drawn form their study. The 
angle of internal friction1 
1. Increased with the bulk density of the soil. 
?.. Tended to be constant in the upper range of moisture; in the low 
moisture-content range, i t increased as the moisture content was 
reduced. 
The cohesion as well as the angle of the failure plane in the model 
tool tests were in fair agreement with the values obtained from uncon-
fined and direct shear tests. 
Weed Control 
James (35) studied the effect of soil aeration on germination of 
annual weed seeds under field conditions, in the laboratory and in the 
greenhouse. Different cultivation methods and the injection of co
2 
and o
2 
into the soil were employed in four field experiments to modify the soil 
aeration. Soil aeration, soil temperature and soil moisture ware measured 
and emergence of weed seedlings was determined. The following conclusions 
ware drawn from his studya 
1. In three out of the four field experiments, a significant dif-
ference was found for cultivation in the emergence of grass seed-
lings. 
18 
2. A significant difference was measured due to treatments for the 
grass emergence. 
~ald (77) compared and evaluated two forms of rotary tillage systems 
for corn production. The following conclusions were drawn from his 
study a 
1. l~eed infestations and plant populations among treatments were 
slightly depressed under both rotary tillage systems. 
2. Corn yields were slightly depressed under both rotary tillage 
systems. 
3. The yields among rotary tillage systems only were similar. The 
conventional treatment consistently gave the highest yields. 
Van Doren (75) conducted an investigation in order to find out if 
chemicals could be substituted for mechanical weed control and tillage 
needed for changing soil structure and managing crop residues. The fol-
lowing conclusions were drawn from this studya 
1. On plowed soil, disking reduced yield by 6% and cultivation 
increased yield by 6%. 
~. ~{hen the soil was not plowed, management systems providing a high 
percentage of organic residue surface cover or which included 
cultivation increased yield much more than disking. 
J. The top producing nonplowed treatments yielded 13% more corn than 
plowed ~reatments. 
Erbach at al. (28 ) conducted preliminary experiments in order to 
evaluate chemical and mechanical weed control for soybeans grown with no-
plow tillage systems. The following results were drawn from their studya 
1. It is possible to grow soybeans without preplant tillage to get 
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good weed control. 
2. This weed control was obtained with a preplant treatment of 
paraquat followed with an incorporated preemergence herbicide 
treatment, 
J, In performing the incorporation and cultivation tillage, it was 
observed that the rolling cultivator worked quite well under 
trashy unplowed conditions, 
Lovely et al, (49) investigated the effectiveness of the rotary hoe 
as a shallow cultivating implement for control of annual weeds in soy-
beans, The following conclusions were drawn from his study1 
1. Rotary hoeing performed when weeds were germinating but not 
emerged, and repeated once or twice at approximately five-day 
intervals, reduced weed infestations 70 to 80% and soybean 
stands about 10% in solid-seeded and row-planted soybeans. 
2, Wet soil conditions before or after hoeing reduced its effective-
ness. 
J, Delaying the rotary hoe treatments until weeds had emerged 
reduced the degree of weed control and bean yields obtained about 
50% as compared to the timely use of the hoe, 
Plant Population 
The subject of corn production and associated plant population 
has been extensively reviewed by Dungan, Lang, and Pendleton (26) in 1958. 
The response of the specific rate of planting to the highest yields 
per unit area has been shown in detail by Schwanke (65), and Timmons et 
al. (73). This response depends upon the local conditions under which 
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corn is grown. 
Investigators have demonstrated that yield response due to increases 
in populations varies widely according to different limiting factors (52, 
56, 62). Timmons et al. (73) realized their highest yields at 14,000 to 
20,000 plants per acre under adequate moisture content and at 6,000 to 
12,000 plants per acre under inadequate moisture. Maximum yields were 
realized by Stickler (70) at 20,000 to 24,000 plants per acre under irri-
gation. Optimum plant densities were reported by Dungan et al. (26) being 
1°,000 plants per acre on red-yellow podzolic soils and a range of 8,000 
to 24,000 plants per acre on corn belt soils. 
Many results have been reported under di fferent conditions with 
optimum populations ranging between 2,000 plants per acre to higher than 
28,000 plants per acre. Carmer and Jackobs (20), in 1965, reported work 
on a model for predicting the optimum plants densities and maximum yield. 
Beer et al. (13) reported on the basis of a six-year irrigation 
experiment on Colo clay loam near Ames, Iowa. Maximum yields were ob-
tained with a stand of 18,000 to 22 ,000 plants per acre when fertility was 
not limiting and when the moisture content of the soil in the rooting zone 
was maintained at 60% of the available water-holding capacity throughout 
the entire growing season. 
Erbach et al. (29) conducted experiments to investigate the effect of 
planter-furrow openers on plant spacing and yield and the effect of intra-
row plant spacing on individual plant yield and on total yield. The fol-
lowing conclusions were drawn from their study1 
1. The planter-furrow openers investigated in this study had little 
effect on yield or on uniformity intra-row plant spacing. 
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2. Intra-row plant spacing accounted for only a small amount of the 
variance in individual corn plant yield. 
3. The calculated yield increased with uniform i ntra-row plant 
spacing compared with the spacing obtained with conventional 
planters, 
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OUTLINE OF THE FIELD OPERATIONS 
Equipment needed for the tillage operations for all of the tillage 
systems were used in this study. To evaluate the tillage system for 
bio-factors of plants and physical properties of soil, five different 
cultural systems were selected& 
1. Fall plow 
2. Plant on ridges 
3· Chisel plow 
4. Disk 
5. No till 
The following operations were performed in this study. 
Year 
1971 
1972 
Fall Plow 
Date 
December 
April 13 
April 18 
May 4 
May 4 
June 16 
June 16 
October 5 
Operation 
plowed 
applied 445 lb/A of nitrogen 
as urea 
applied 2 lb/A Atrazine and 
22 lb/ A Alaehlor 
disked and harrowed 
planted 
cultivated with sweep 
cultivator 
applied 1 lb/ A Carlilofuran 
harvested 
Year 
1972 
Year 
1972 
Year 
1972 
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Plant on Ridges 
Date 
April 13 
April 13 
April 18 
May 4 
June 16 
June 16 
October 5 
Chisel Plow 
Date 
April 13 
April 13 
May 4 
May 4 
May 5 
June 16 
June 16 
October 5 
Disk 
Date 
April 13 
Operation 
stalks chopped 
applied 445 lb/A of nitrogen 
as urea 
applied 2 lb/A Atrazine and 
22 lb/A Alachlor 
planted 
applied 1 lb/ A Carbofuran 
cultivated with ridge culti-
vator 
harvested 
Operation 
stalks chopped 
applied 445 lb/A of nitrogen 
as urea 
chisel plowed and harrowed 
planted 
applied 2 lb/A Atrazine and 
22 lb/ A Alachlor 
cultivated with sweep 
cultivator 
applied 1 lb/ A Carbofuran 
harvested 
Operation 
stalks chopped 
Year 
1972 
1972 
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Date 
April 13 
April 18 
May 4 
May 4 
June 16 
June 16 
October 5 
No Till 
Date 
April 13 
April 13 
April 18 
May 4 
June 16 
June 16 
October 5 
Operation 
applied 445 lb/A of nitrogen 
as urea 
applied 2 lb/A Atrazine and 
2t lb/ A Alachlor 
dis ked 
planted 
cultivated with sweep cultiva-
tor 
applied 1 lb/ A Carbofuran 
harvested 
Operation 
stalks chopped 
applied 445 lb/A of nitrogen 
as urea 
applied 2 lb/AAtrazine and 
zt lb/A Alaehlor 
planted 
cultivated with sweep 
cultivator 
applied 1 lb/ A Carbofuran 
harvested 
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DESCRIPTION OF ID:.!UIPMENT 
The sampling equipment used to obtain desired measurements werea a 
core sampler, penetrometer, sheargraph and a Veihemeir soil sampling 
tube. 
Core Sampler 
A motor driven, soil core sampler designed, developed and patented 
by Buchele (18) at Iowa State University was used to obtain undisturbed 
soil samples. The device or sampler was used to remove 3-inch diameter 
by J-inch long soil cores to a depth of 15 inches. Figure 1 shows a sec-
tional view of column sampler. 
Soil Cone Penetrometer 
A penetrometer (ASAE Recommendationa ASAE R313) is a device -which 
measures the force required to drive a plunger into the soil. Figure 2 
shows the structure of the soil cone penetrometer used in this study. 
~Vhen the cone penetrometer is pushed into the soil at a constant rate 
resisting the force of the soil is read from a dial. 
The resisting force of the soil on the cone penetrometer is an index 
of the strength of the soil and is called the cone index, in that plane. 
The test procedure used for the cone penetrometer is as followsa 
1. An operator, who presses the cone penetrometer into the soil, 
calls out each depth for readings. 
2. A recorder, who records the dial readings. 
). Soil surface for testing must be flat, clean and void of any 
unnecessary disturbance. 
26 
~~Re~~~l 
I 
I 
I 
I 
I 
I 
_____l__ --
1 
I 
I 
I 
I 
I 
I 
I 
Micrometer 
Dial 
1 
Handle 
0 
0 
Bearing Block -.... 
Figure 2, Cone penetrometer 
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4. The dial is zeroed while the instrument is suspended in a ver-
tical position. 
5. The cone is placed on the surface of the soil in such way that 
the instrument is held in a vertical position. 
6. Force is applied at approximately right angles to minimize eccen-
tric loading. 
7. Push the cone point slowly downward into the soil at a uniform 
rate and read the dial at each desired vertical increment of 
depth. 
The recommended rate of penetration when the base of the cone is at 
ground level for four readings (surface, 6, 12 , and 18 inches) should be 
about 15 seconds per 6 inches in a continuous penetration. Much slower 
or faster rates of penetration will yield lower or higher readings, re-
spectively, but the discrepancies will not be large. If the downward 
force on the penetrometer must be discontinued at some depth, the penetra-
tion and measurement may be resumed without introducing error (1). 
Soil Sheargraph 
A brief description of the basic soil shear strength is presented 
here to provide the background inf ormation necessary for an understanding 
of the parameters to be determined, 
A stress is defined as a force per unit of area. A stress applied to 
a plane surface of a solid may be resolved into two componentsa one ver-
tical stress (normal) acting on the horizontal plane known as the normal 
stress, a (sigma), and one acting on the surface of the plane known as 
the shear stress, T (tau), 
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The shear strength of a soil may be defined as the ability to re-
sist sliding along internal surfaces within a soil mass. The mechanics 
of soil shear strength are complex and not completely understood, How-
ever, an empirical equation, originally proposed by Coulomb in 1776 and 
widely used in soil analysis and design iss 
T = C + a tan¢ 
T is the shear strength, the maximum static resistance of the soil 
to sliding along a given surface, and is expressed in terms of stress. 
C denotes the apparent cohesion and ¢ denotes the angle of internal 
shearing resistance, both in terms of effective stress, and a denotes the 
effective normal stress. The Coulomb equation, T=C+. a tan¢ , represents 
a spAcial case of the Mohr theory of strength in which the Mohr envolepe 
is a straight line inclined to the normal axis at an angle ¢. 
The empirical parameters C and ¢ are not constant properties of a 
soil, but vary somewhat depending on the test conditions under which they 
are determined. Moisture content, bulk density, stress conditions, and 
rate of shearing strain are among the conditions which may affect the 
observed values of C and ¢. 
Figure 3 shows the structure of the suil sheargraph used in this 
study. This soil sheargraph was described by Cohron (21, 22). The device 
was designed to obtain rapid measurement of soil shear strength, 
The soil sheargraph consists essentially of a shear head, a spring, a 
recording pen, a recording drum, bearings, and a handle, The shear head 
is the base of the sheargraph. The lower end of the spring is connected 
to the shear head. The upper end of the spring is connected to the record-
ing drum. The lower end of the recording pen is attached to the shear 
JO 
Bearings 
Recording Drum 
Recording Pen Spring 
Shear Head 
Figure ). Structure of the soil sheargraph 
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head. The upper end of the recording pen is in contact with the record-
ing drum. A recording chart is placed between the drum and recording pen 
which is used to trace a curve of shearing stress versus normal stress. 
The upper part of the recording drum is attached to a handle. 
The test procedure for using the soil sheargraph is as follows& 
1. A flat surface selected and prepared by removing loose crop 
residue. 
2. The soil sheargraph is carefully pressed into the soil to the 
depth of the shear head and a constant vertical load is main-
tained on the handle by hand pressure, 
3. The handle is rotated, winding up a helical spring until the 
shear head begins to rotate in the soil (Figure 4). 
4. After soil failure, the load is gradually released and head con-
tinues to rotate, unwinding the spring. 
5, The recording pen traces a curve of shearing stress versus normal 
stress on a recording chart (Figure 5). 
6. When cleaning soil from shear head, keep sheargraph inclined so 
that dust will not fall into guide rod bearings in drum, There 
is no dust seal, only a close clearance to minimize friction, 
Veihemeir Soil Smnpling Tube 
A 3/4-inch diameter soil sampling tube was used to collect soil sam-
ples for the determination of bulk density and soil moisture content after 
the soil sheargraph test. Several depth marks at 1 inch intervals were 
made on the tube so that a 6 inch depth could be identified. Both the 
upper and lower 2 inch columns were discarded, The middle 2 inch columns 
32a 
Figure 4. Soil sheargraph in use 
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were placed into airtight metal cans for weighing and opened for oven 
drying. Figures 6 and 7 show soil sample used and the collecting of soil 
samples respectively. 
35a 
Figure 6. Soil sampling tube in use after the soil 
sheargraph test 
Figure 7. Collecting of soil samples for determination 
of soil moisture content and bulk density 
35b 
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EXPERIMENTAL HETHO:OO 
Experimental Site and Design 
The site for the tillage experiment was on the Agronomy and Agricul-
tural Engineering Research Center located 6 miles west of Ames, Iowa. 
The soil on this site is a Clarion-Nicollet-Webster soil association 
with a flat, uniform~appearing surface. Clarion soils have a surface 
layer, about 10 to 14 inches thick, and is very dark brown loam. The su~ 
soil is typically brown to yellowish-brown and is a moderately permeable 
loam. The surface layer of Nicollet soils is a very dark brown to black 
loam to cl~ loam which is 15 to 18 inches thick. The subsoil is a mod-
erately permeable loam to clay loam which has a mixed gray and brown 
color. The surface layer of Webster soils is a black, gritty, silty clay 
loam 15 to 20 inches thick. The subsoil is a gray to olive gray, mod-
erately permeable, friable to finn loam to clay loam. 
A randomized complete block experimental design with five replica-
tions and five treatments was used. The following equation characterizes 
the model for RCBD designa 
where a 
Yij • observed values of i th treatment in the jtn experimental 
unit 
u ,. general mean 
Ti = true effect of the ith treatment 
B. true effect of the .th treatment = J J 
Eij true effect of the experimental unit 
th = in the j block 
subjected to the ith treatment 
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Figure 8 shows a plot layout with dimensions of the general design 
which was used, Each plot was 20 feet wide and 90 feet long, Five 
replications of five treatments were used making a total 25 plots, 
The five treatments were& 
1. Fall plow 
2. Plant on ridges 
3· Chisel plow 
4. Disk 
5o No till 
The symbols assigned to each of these tillage treatments were FP, PR~ 
CP, D, C, respectively, 
Cultural Practices 
Continuous corn had been planted in the field plots since 1965. 
This was the eighth consecutive corn on corn. Fertilizer treatments were 
applied each year beginning in 1965, including a uniform nitrogen-
phosphorus-potassium application of approximately 200-100-100 lbs/acre. 
Tillage planting operations were performed on May 4 for all plots. 
An adapted variety, P3571, was planted in the experiment. Corn was 
planted at a rate of 30,000 kernels/acre. Chemical insecticides and her-
bicides were employed and the management practices followed were optimum, 
All plots were cultivated on June 16. The plots were harvested on October 
5· 
Physical Measurements 
Bulk density and moisture content, both on oven-dry weight basis, 
were determined on undisturbed soil cores, 3 inches in diameter and 3 
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Figure 8 . Layout and dimensions of plots used in the experiment 
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inches long, taken with a power-driven core sampler discussed in the 
section on equipment. Core samples were taken on each replication to a 
15-inch depth and were cut into 3-inch lengths and each length then 
placed in moisture cans. The samples were then transported to the labora-
tory where they were weighed before and after oven-drying at 105° C for 
48 hours. The bulk density as well as the moisture content could then be 
calculated. 
The bulk density and moisture content determinations were made before 
and after tillage-planting and before and after cultivation of the plots. 
Two samples were obtained in the furrow and two in the row for each plot. 
Penetrometer readings were taken with a cone penetrometer. The 
penetrometer was calibrated with a balance. Pressure was applied to the 
penetrometer on the balance, and penetrometer scale readings were com-
pared to the force indicated by the balance. The penetrometer readings 
were taken at 1-inch intervals between 0 to 7 inches and one reading each 
at 14-inch and 21-inch depths. In order to facilitate statistical analy-
sis and to avoid data overlap the maximum observation between 0 to 7 
inches depth was taken for tabulation. Penetrometer readings were ex-
pressed as force per unit area (psi) which is called "cone index". This 
is actually pounds of force on the handle divided by area of the cone 
base in square inches. The cone index readings were taken in the plots 
just before and as soon as possible after tillage-planting and before 
and after cultivation operations. Two samples were obtained in the fur-
row and two in the row for each plot. 
The soil sheargraph as discussed in the section on equipment was used 
for measuring the cohesion and angle of internal friction of soil. The 
soil sheargraph was calibrated by the use of a balance. Pressure was 
applied to the soil sheargraph on the balance, and recording chart scale 
readings were compared to the force indicated by the balance. 
Values of angle of internal friction and cohesion of soil were deter-
mined on each plot as soon as possible before and after tillage-planting 
and before and after cultivation operations. Two samples were obtained 
in the furrow and two in the row for each plot. Each sample consisted 
essentially of five trials which were graphed on a recording chart. 
In order to get information about the conditions which may affect 
the observed values of cohesion and angle of internal friction, it was 
necessary to determine the bulk density and moisture content existing 
within a 3-inch radius around the sheargraph point. A Veihemeir tube as 
described in the section on equipment was used for determining bulk den-
sity and moisture content. Five sub-samples were collected within a 3-
inch radius around the sheargraph point and combined to form each sample. 
The samples were oven-dried for determination of the moisture content and 
bulk density. 
Bio-factor of Plant Measurements 
Plant height measurements consisted of measuring the extended leaf 
height of the tallest plant in 10 hills of each plot. Corn plant height 
measurements were taken for two dates during the growing season. The 
plants which were measured were selected at random from the four center 
rows of each plot. 
Stand counts were determined qy counting the corn plants in 90 foot 
row lengths. The plants which were measured were taken from the four 
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center rows of each plot, Corn stand counts were made for six dates dur-
ing the growing cycle. Each stand count was averaged and used for calcu-
lating the plant population for the plot in plants per acre. 
Corn yields were harvested at normal harvest time. The corn har-
vested from each plot was weighed and was sampled for moisture (oven dry) 
to correct the yield of corn in bushels per acre to 15.5~ moisture con-
tent. 
Weed infestation samplings were made by hand harvesting the weeds 
from the four center rows of each plot. Two 6-square-feet random weed 
samples were collected and dried for moisture content determinations, A 
6-feet-long and 1-foot-wide frame was used for measuring the area from 
which all weeds were collected, 
The samplings for each plot were averaged, corrected to a dry weight 
basis and then used to calculate weed weight in pounds of dry matter per 
acre, 
Statistical Analyses 
A split plot experimental design or modifications of it with the 
whole plots arranged in randomized blocks was employed to analyze the 
data in the experiment, Treatment (tillage systems), position, treatment 
x position, depth, treatment x depth, position x depth and treatment x 
position x depth were considered important parameters of the experiment. 
The Statistical Analysis System (SAS) which has been installed at Iowa 
State University Computation Center was used for the analyses of variance, 
The model assumed for the individual analysis of each parameter was as 
follows a 
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Yijklm = U + (REP); + (TRT) j + (REPxTRT) ij + (POS)K + (TRTxPOS) jk + 
(REPxPOS)ik + (REPxTRTxPOS\jk + (DEP\ + (TRTxDEP) jl 
Where: 
+ (POS+DEP)kl + (TRTxPOSxDEP) jkl + (REPxDEP)il + 
(REPxTRTxDEP)ijl + (REPxTRTxDEP)ijl + (REPxPCSxDEP\kl 
+ (REPxTRTxPOSxDEP) .. kl + Oijklm lJ 
u = mean 
(REP). 
l 
.th 1. t• . 1 t 5 = l rep lCa lon; ~ = o 
= jth treatment; j = 1 to 5 
(REPxTRT)ij = error (a) 
(POS)k 
(DEP) 
= kth position; k = 1 to 2 
th = depth; = 1 to 5 
(REPxPOS)ik + (REPxTRTxPOS)ijk = error (b) 
(REPxDEP) i1 + (REPxTRTxDEP) ijl + (REPxPOSxDEP\kl + 
(REPxTRTxPOSxDEP) ijkl = error (c) 
oijklm = sampling error with split plot 
Combination of symbols refer to interactions between main effects. A set 
of four orthogonal comparisons for treatment mean was prepared to inves-
ti~ate the treatment effects. The orthogonal comparisons considered in 
the model for the analysis of variance were as follows: 
c1 = orthogonal comparison of the conventional system versus disk, plant on ridges, chisel plow and no tillage. 
c2 = orthogonal comparison of no tillage versus chisel plow, plant on ridges and disk. 
c
3 
= orthogonal comparison of plant on ridges versus chisel plow and 
disk. 
c4 = orthogonal comparison of chisel plow versus disk. 
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A correlation matrix was calculated for stand count, weed weight, and 
yield observations. In addition, three types of analyses were fitted to 
the corn yields: a regression analysis for replications, and weed weight, 
final stand count, height of plants determinations as covariates, and the 
principal components analysis for cone index. The analysis of variance 
calculated for corn yield data was as follows: 
Yij = u + (TRT). + (REP).+ ¢1(Xij(i) l J 
+ ¢ (Xij(J)_ ;cCJ)) + ¢ (Xij(4) 
J 4 
+ ¢6(Xij(6)_ ;c(6)) + Eij 
-(1)) 
- X + 
-(4)) 
- X + 
¢2(Xij(2) 
¢ 5(Xij(5) 
-(2)) 
- X 
_ ;cC5)) 
Where a 
u 
(TRT). 
l 
(REP)j 
¢1 (Xij(1) - i(2)) 
¢ (Xij(2) - ;c(2)) 
2 
¢ (Xij(J) - ;c(J)) 
J 
<t> 4 (Xij ( 4) - x ( 4)) 
¢ 5(Xij(5) - ;c(5)) 
"' ex· .(6) -(6)) 
'I' 6 lJ - X 
~ij 
= mean 
= ith treatment; i = 1 to 5 
.th li t• . 1 t 5 = J rep ca lon; J = o 
= adjusting treatment means of final stand 
count 
= adjusting treatment means of weed weight 
= adjusting treatment means of height of 
plants 
= adjusting treatment means of contrast 1 
cone index 
= adjusting treatment means of contrast 2 
cone index 
= adjusting treatment means of contrast J 
cone index 
= error 
RESULTS AND DISCUSSION 
Tillage-Planting Operations and Physical Measurements 
Moisture content 
The mean values of soil moisture content before tillage-planting 
operations are presented in Table 1. The moisture content shown in this 
table is indicative of the moisture content of the different tillage 
systems before tillage and planting operations were performed, The 
table shows the range to be from a low of about 2~ mean soil moisture 
content in furrow for plant on ridges treatment to a high of about 23~ 
mean soil moisture content in furrow for chisel plow treatment. Like-
wise, the mean soil moisture content in row shows a range from 22.71~ 
in plant on ridges treatment to 24.9~ in no till treatment. The no 
till treatment sampled showed the highest range of differences (9.8~) 
in row, with about 4,82~ from 0 to 6 inches depth. The lowest range 
of differences (1.71~) was found in plant on ridges in row position, 
with about 1.47% from 0 to 6 inches depth. The overall means for furrow 
and row position were 21.70 and 24.12~ respectively. 
An analysis of variance for moisture content before tillage-
planting operations is shown in Table A-1, Appendix A. The ana~sis of 
variance showed significant differences between furrow and row position, 
as explained by the relative difference of the two overall means. The 
main effect of depth was highly significant, as a result of the large 
depth-to-depth fluctuations given in Table 1, 
Table 1. Soil moisture content before tillage-planting operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow 0 - J 24.76 24.41 
" J - 6 21.61 25.91 
" 6 - 9 20.98 25,82 
.. 9 - 12 21.?1 2).58 
.. 12 - 15 19.81 22.40 
Jvlean 21.77 24.42 
Plant on ridges 0 - J 19.68 22.)0 & 
" J - 6 19.2) 2).77 
" 6 .- 9 19.96 24.01 
" 9 - 12 21.21 22.8) 
.. 12 - 15 20,2) 20.62 
Mean 20.06 22.71 
Chisel plow 0 - J 24.42 25.69 
" J - 6 2).)6 27.05 
" 6 - 9 2),16 2).70 
II 9 - 12 2).29 2).99 
Table 1. Continued 
Tillage Depth Percent moi sture content 
system (inches) Furrow Row 
-
Chisel plow 12 - 15 21.50 21.79 
Mean 23.14 24.44 
Disk 0 - 3 21.68 25.16 
" 3 - 6 19.85 27.13 
" 6 - 9 21.59 24.98 
" 9 - 12 21.91 22.31 
If 12 - 15 20.69 20.72 g. 
Mean 21.14 24.06 
No till 0 - 3 23.78 30 . 42 
" 3 - 6 22.73 25.61 
" 6 - 9 23.38 24.33 
" 9 - 12 22,07 23 • .51 
" 12 - 1.5 19.97 21.07 
Mean 22.39 24.99 
Overal l mean 21.70 24.12 
4? 
The mean performance of tillage system plots for soil moisture con-
tent after tillage-planting operations is presented in Table 2, The table 
indicates that the variability between samples was low in 0 to 6 inches 
depth, Likewise, the variability between positions (furrow and row) was 
low in 0 to 6 inches depth, Ranges of over 2% in the soil moisture con-
tent were found at most depths, wi th about 4% from 0 to 3 inches. The 
mean soil moisture content varied only slightly between any of the till-
age systems studied in the experiment, Table 2 shows the range to be 
from a low of 2),1.8% mean soil moisture content in furrow for fall plow 
treatment to a high of 25.15% in furrow for chisel plow treatment. A 
ranr,e from 23.02% in chisel plow treatment to 24,89% in plant on ridges, 
was found for mean soil moisture in row position, The range of differ-
ences in the percent of moisture content of all of the tillage systems was 
1. 9~ in furrow and 1·. 8~ in row position. As can be noted in Table 2, 
the moisture content of the furrow position was slightly larger than the 
moisture content of the row position, 
An analysis of variance for moisture content after tillage-planting 
operations is presented in Table A-2, Appendix A. The table indicates a 
highly significant difference among depths at the 1% level, as shown by 
variation of the soil moisture content between individual depths. The 
difference between treatments was not significant, This would be expected 
since the soil moisture content did not give large difference among till-
age systems. 
The data of the soil moisture content for change (after - before) 
ti l lage-planting operations are Given in Table J, The negative values for 
Table 2. Soil moisture content after tillage-planting operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow· 0 - 3 24.24 24.63 
II 3 - 6 25.59 27.08 
II 6 - 9 26.36 24.42 
II 9 - 12 20.63 20.94 
II 12 - 15 19.05 19.27 
Mean 23.18 23.27 
Plant on ridges 0- 3 28.29 26.51 & 
II 3 - 6 27.46 26.84 
II 6 - 9 26.26 26.51 
" 9 - 12 23.79 22.93 
II 12 - 15 19.93 21.68 
Mean 25.15 24.89 
Chisel plow 0 - 3 27.05 25.30 
" 3 - 6 25.76 24.60 
" 6- 9 24.53 23.20 
" 9- 12 21.70 21.76 
Table 2 . Continued 
-
Tillage Depth Percent moisture content 
system (inches ) Furrow Row 
Chisel plow 12 - 15 19.79 20,26 
Nean 2J.77 2J.02 
Disk 0 - 3 26.73 26.63 
II 
3 - 6 26.32 26.31 
•• 6 - 9 24.27 22.45 
II 9 - 12 22,25 21.18 
+:-.. 12 - 15 19.27 19.87 '-0 
Mean 23.77 23.29 
No till 0 - 3 26.19 26,16 
" 3 - 6 25.17 25.77 
II 6 - 9 25.46 24.31 
II 9 - 12 24.?2 23.87 
II 12 - 15 19.68 20.74 
Mean 24,24 24.17 
Overall mean 24.02 23.73 
Table 3. Soil moisture content change (after - before) tillage-planting operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow 0 - 3 -0.52 0.22 
II 3 - 6 3.97 1.17 
It 6 - 9 5-38 -1.40 
II 9 - 12 -1.07 -2.64 
II 12 - 15 -0.75 -3.13 
Mean 1.40 -1.15 
l..n 
8.61 4.21 
0 
Plant on ridges 0 - 3 
II 3 - 6 8.23 3.06 
" 6 - 9 6.29 2.49 
" 9- 12 2.58 0.09 
.. 12 - 15 -0.30 1.06 
Mean j.08 2.18 
Chisel plow 0 - 3 2.63 -0.39 
.. 3 - 6 2.39 -2.45 
.. 6 - 9 1.37 -0.50 
" 9 - 12 -1.58 -2.23 
Table 3. Continued 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Chisel plow 12 - 15 -1.70 -1.53 
Mean 0.62 -1.42 
Disk 0 - 3 5.04 1.46 
" 3 - 6 6.47 -0.82 
" 6 - 9 2.68 -2.53 
" 9- 12 0.33 -1.13 
" 12 - 15 -1.41 -0.85 
l..n 
1-'-
Mean 2.62 -0.77 
No till 0 - 3 2.41 -4.25 
" 3 - 6 2.43 0.15 
II 6 - 9 2.08 -0.02 
" 9 - 12 2.64 0.35 
" 12 - 15 -0.29 -0.33 
Mean 1.85 -0.81 
Overall mean 2.31 -0.39 
52 
percent of soil moisture content change (after - before) mean that the 
soil moisture content before tillage was higher than after tillage-
planting, A positive value indicates that the soil moisture content 
after tillage was higher than before tillage-planting. 
Data in Table 3 show that the range is from a low of 0.62~ mean 
soil moisture content in furrow for chisel plow treatment to a high of 
).08~ in furrow for plant on ridges treatment. Likewise, the mean soil 
moisture content change in row position showed a range from 1.42~ in 
chisel plow treatment to 2,18~ in plant on ridges treatment. Highest 
and lowest ranges of difference for furrow position were found in plant 
on ridges (8.91%) and no till treatment (2.93%). Highest and lowest 
range of difference for row position were found in no till treatment 
(4.6~) and chisel. plow treatment (-2.06%) respectively. The soil mois-
ture content change ranges from 4.49 to -2.06 in the replicated plots for 
the depth 0 to 6 inches. The plow plot is distinctly different with 
4.49% for 0 to 6 inches in furrow position and 0.95% for 0 to 6 inches in 
row position. The chisel plow plot had a range of -2.06% for the depth 
0 to 6 inches in row position while the furrow position had a range of 
0.2~~ for the same depth. The disk plot showed a range of 1.43% for 
the depth 0 to 6 inches in furrow position and 2.28~ in row position. 
The plant on ridges plot had 0.38 and 1.15% for the same depth in furrow 
and row position respectively, No till plot showed 0.02 and 4.40% for 
0 to 6 inches depth in furrow and row position respectively. The overall 
means for furrow and row position were 2.31 and -0.39 respectively. 
The data for soil moisture content change are shown graphically 
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in Figures 9 and 10, The moisture content change for furrow illustrated 
in Figure 9 indicates that the soil drying rates apparent for fall plow, 
and do not seem to exist in plant on ridges, disk and no till treat-
ments, The fall plow treatment exhibits a very small drying rate at 
0 to 3, 9 to 12 and 12 to 15 inches depth, The chisel plow treatment 
shows a small soil drying rate at 9 to 12 and 12 to 15 inches depth, 
Figure 10 illustrates moisture content change as affected by tillage-
planting operations in row position. This figure shows that some simi-
larity in soil drying rates seemed to exist in fall plow, chisel plow 
and disk treatments, These figures indicate that the variation of soil 
moisture found between the treatments was not necessarily created by 
the tillage systems on any of the plots for which soil moisture content 
of soil were obtained, 
The analysis of variance for soil moisttu•e content change (after 
before) are given in Table A-3, Appendix A. The statistical analysis 
shows that the tillage system effects are not significant, as can be 
noted in Table 3, the moisture content of plant on ridges and disk 
treatments were slightly larger than the moisture content of fall plow, 
chisel plow and no till treatments . The position was significantly 
different in furrow and ridge. This would be expected from examination 
of the overall means, The depth was highly significant, as may be 
observed in Table 3, the moisture content of the soil decreases with the 
depth of sampling, Linear effect of depth tested significant (Table A-4, 
Appendix A), This indicated that the moisture content of the soil de-
creased linearly with increase in depth, 
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It may be concluded that the tillage and planting operations did not 
materially influence the moisture content of the soil, 
Cone index 
The data for cone index before tillage-planting are shown in Table 4. 
The table indicat&s the cone indexes for the three different depths of 0 
to ?, 14 and 21 inches along with the furrow and row position. While the 
cone index in furrow ranges from 76,83 to 135.05 in the replicated plots 
for the depth 0 to 7 inches, it is 16.21 for the 14 inches and 15.01 for 
the 21 inches depth. The fall plow treatment is distinctly different 
with ?6.83 for 0 to 7 inches depth and the range of difference in cone 
index is 55.22. The range is 10.40 for plant on ridges, 6,20 for chisel 
plow, 23.21 for disk and 13.61 for no till treatment. The range of dif-
ference of all of the tillage systems is 60,82 in furrow position, The 
highest mean value of cone index in furrow position was reached in chisel 
plow treatment (133.98), The lowest mean value was found in fall plow 
treatment (106.3?), The data for cone index before tillage-planting oper-
ations in row position (Table 4) indicate that the fall plow treatment is 
different from other treatments with 81,83 for 0 to 7 inches depth and 
its range of difference is 5?..02. The range of difference is 3.21 for 
plant on ridges, 30.61 for chisel plow, 10.61 for disk and 30.61 for no 
till treatment. The range of difference of all of the tillage systems for 
the depth 0 to 7 inches was 42.41; 17.21 for the 14 inches; and 20,60 for 
the 21 inches depth. The highes t mean value of cone index in row position 
was obtained in chisel plow treatment (1J1. ?b). The lowest mean value was 
Table 4. Hean cone index before tillage-planting operations 
Tillage 
system 
Fall plow 
It 
" 
Plant on ridges 
" 
It 
Chisel plow 
It 
II 
Disk 
II 
Depth 
(inches) 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0 - 7 
14 
21 
Mean 
0- 7 
14 
Cone index (psi) 
Furrow Row 
76.83 81.83 
114.24 112.64 
128.05 133.85 
106.37 109.44 
135.05 124.24 
V\ 
-....) 
126.05 127.05 
136.45 127.45 
132.51 126.25 
134.85 117.44 
130.45 129.85 
136.65 148.05 
133.98 131.78 
128.45 123.64 
117.64 129.65 
Table 4. Continued 
Disk 
Tillage 
system 
No till 
.. 
II 
Overall mean 
Depth 
(inches) 
21 
Mean 
0- 7 
14 
21 
Hean 
Cone index (psi) 
Furrow Row 
1)0.85 1)4.25 
125.65 129.18 
129.45 107.44 
115.89 120.04 
121.64 1)8.05 
V\ 
122.)1 121o84 
{):) 
124.16 12).70 
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ronched in fall plow treatment (106.44). The overall means of cone index 
for furrow and row position were 124.16 and 123.70 respectively. 
The analysis of variance for cone index before tillage-planting is 
shown in Table A-5, Appendix A. The table indicated that the tillage 
systems had a significant effect on cone index. This can be explained 
from the values of range of difference of each tillage system. 
The data for cone index after tillage-planting are shown in Table 5. 
The table indicates the cone index for t he three different depths of 0 to 
?, 14 and 21 inches along with the furrow and row position. While the 
cone index in furrow ranges from d9 .35 to 108.44 in the replicated plots 
for the depth 0 to 7 inches, the range is 4. 20 for the 14 inches and e.oo 
for the 21 inches depth. The fall plow treatment is notably different 
with 89.35 (furrow) for 0 to 7 inc hes depth and with a range of difference 
of ?. 9 . d9. The range is 4. 40 for plant on ridges, 8 .1-J.O for chisel plow, 
9.44 for disk and 16. 81 for no till treatment. The range of all the till-
age systems i s 39.90 in furrow position. The highest mean value of cone 
index in furrow position was found in no till treatment (114.97). The 
lowest mean value was reached in fall plow treatment (1 05.70). The data 
for cone index after tillage-planti ng operations in row position (Table 5) 
indicate that the fall plow treatment is different from other treatments 
with 93.63 for 0 to 7 inches depth and with a range of difference of 15.21. 
The range is 33.?.2 for plant on r idges, 20.41 for chisel plow, 11.60 for 
disk and ?.4.21 for no till treatment. The range of difference of all of 
the tillage systems for the depth 0 to 7 inches was 1).21; it was 16.00 
for the 14 inches and 20. 51 for the 21 inches depth. The highest mean 
value of cone index in row position was reached in chisel plow treatment 
Tabla 5. Mean cone index after tillage-planting operations 
Tillage 
system 
Fall plow 
" 
" 
Plant on ridges 
" 
" 
Chisel plow 
" 
" 
Disk 
" 
Depth 
(inches) 
0- 7 
14 
21 
Mean 
0 - 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0- 7 
14 
Cone index (psi) 
Furrow Row 
89.35 93.63 
108.04 104.84 
119.24 108,84 
105.70 102,44 
114.04 96.43 ()', 
0 
109.64 107.44 
111.24 129.65 
111.64 111.17 
109.24 104.64 
109.84 115.24 
117.64 125.05 
112.24 114.97 
110.44 106,84 
107,04 118.04 
Table 5. Continued 
Disk 
No till 
.. 
.. 
Tillage 
system 
Overall mean 
Depth 
(inches) 
21 
Mean 
0- 7 
14 
21 
Mean 
Cone index (psi) 
Furrow Row 
116.64 118.44 
111.44 114.44 
108.44 95.43 
111.24 102.04 
125.25 119.64 o-. 
p 
114.97 105.70 
111.20 109.75 
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(114.97). The lowest mean value mean was obtained in fall plow treatmP.nt 
( 1 0?.. 44). The overall · ·.3.ns of cone index for furrow and row position 
were 111.20 and 109.75 respective ly. 
The analysis of variance for cone index after tillage-planting is 
shown in Table A- 6 , Appendix A. The table indicates that the tillage 
systems did not have a significant effect on cone index. This would be 
expected from the small differences among tillage system means (Table 5). 
The difference between depths was f ound to be highly signifi cant, as would 
be expected from examination of t he average cone index for 0 to 7 i nches 
(102. 90), 14 inches (109.34) and ?1 inches (119.1 8). Linear effect of the 
de pth tested hi~hly s i gnificant (?able A-7, Appendi x A). This means that 
the cone index of soil incraased l i nearly with increase in depth. 
The data of the cone index of the soil for changes (after - before) 
tilla;;e-planting operations are given in Table 6. The negative values 
for the cone index change (after - before) mean that the cone index of the 
soil before tillage was higher than after tillat:;P.-planting. A positive 
value indicates that the cone index of the soil after tillage was higher 
than before tillage-planting. 
In Table 6 the cone index changes (after - before) as affected, by 
tillage-planting operations in furrow and row position are shown for all 
of the tillage systems. The same data for cone index in furrow and row 
positions are presented graphically in Figures 11 and :1 2. Table 6 indi-
cates the fall plow treatment is distinctly different from the other treat -
ments with 13.00 for 0 to 7 inches depth in furrow position and 11. 80 i n 
row position. These inconsi stent results suggest that the soil moisture . 
content l.vas low for 0 to 7 inches depth and indicate that the 1ncrease in 
Table 6. Hean cone index change (after - before) tillage-planting operations 
Tillage 
system 
Fall plow 
" 
" 
Plant on ridges 
.. 
.. 
Chisel plow 
.. 
.. 
Disk 
.. 
Depth 
(inches) 
0 - 7 
14 
21 
Mean 
0 - 7 
14 
21 
Mean 
0 - 7 
14 
21 
Mean 
0- 7 
14 
Cone index (psi) 
Furrow Row 
13.00 11.80 
- 6.20 - 7.80 
- 8.80 -25.01 
- 0.66 - 7.00 
-21.00 -27. 81 
-16.40 -19.60 
-25.21 2.20 
-20.87 -15.07 
-25.61 -12.80 
-20.60 -14.6o 
19.00 -23.00 
-21.74 -16.80 
-18.00 -16.80 
-10.60 - 11.60 
(]\. 
V) 
Table 6. Continued 
Disk 
No till 
.. 
.. 
Tillage 
system 
Overall mean 
Depth 
(inches) 
21 
Mean 
0- 7 
14 
21 
Mean 
Cone index (psi) 
Furrow Row 
-14.00 -15.80 
-14.20 -14.73 
-21.00 -12.00 
- 4.60 -18.00 
3· 60 -18.40 
- 7-33 -16.13 
~ 
-12.96 -13.95 
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cone index with decreased moisture content may be attributed to the in-
crease in strenr. th and vicosity of the soil. Plant on ridges and no till 
treatments show a decrease for co ne index in _furrow position. These 
contradietory results indicate that the decrease found in furrow posi-
tion was not necessarily due to the tillage systems. It may be a result 
of uncontrolled factors such as moisture content, drying time or random. 
The mean cone index resulting from disk treatment for furrow and row 
pos i tion were approximately the same. In fall plow treatment, the row 
had a larger cone index change than the furrow position, In plant on 
ridges and chisel plow treatments the cone index was less in the row than 
that found for furrow position, The cone index change of the soil on 
chisel plow treatment was larger t han any of the mean cone indexes found 
for the other treatments. In fall plow treatment, the mean cone index 
change was less than that found for any of the other treatments. The 
mean cone index changes of all of the tillage systems for the depth 0 t o 
7 inches was -13,02, it was -13.00 for the 14 inches and -14.34 for the 21 
inches depth. The overall means of the cone index change for furrow and 
row position were -1?.. 96 and -13. 95 respectively. 
The analysis of variance for cone index change (after - before) 
tillage-planting operations is s hown in Table A-8 , Appendix A. Statis-
tical analysis of the data shows t hat the tillage systems were not signi f-
icant. Nonsignificance indicates that the tillage systems did not affect 
the cone index of the soil; however, the overall mean cone index changes 
of plant on ridges, chisel plow, disk and no till treatments were larger 
than the overall mean cone index c hange of fall plow, An orthogonal com-
parison test on the data from thi s experiment showed that the conventional 
system (fall plow) versus all other tillage systems was significant, as 
would be expected from the small cone index change in fall plow as com-
pared to all others. 
The data show some general indications although statistical signifi-
cance was not shown in tillage systems. Fall plow treatment caused the 
smallest mean cone index change in all of the tillage systems. Chisel 
plow treatment created the largest mean cone index change in all of the 
tillage systems. 
It may be concluded that the tillage systems applied in this study 
have an influence in reducing the cone index of the soil. The effects 
were shown, although statistical significance was not found in the 
tillage systems used in this experiment. The fall plow treatment versus 
all other tillage systems was significant. 
Cohesion and angle of internal friction 
The data for cohesion and angle of internal friction before tillage-
planting operations are shown in Table ?. The table indicates highest 
cohesion for chisel plow plot in furrow position. Likewise, the table 
indicates highest an~le of internal friction for chisel plow plot in row 
position. The range of difference of cohesion for all of the tillage 
systems for furrow and row position was approximately 0.09 and 0.10 
psi respectively. The overall means of cohesion for furrow and row 
position were 1.00 and 0.94 psi respectively. 
An analysis of variance for cohesion before tillage-planting opera-
tions is given in Table A-9, Appendix A. This table indicates that the 
tillage systems were not significant, as observed from the small variation 
Table 7, Mean values of cohesion (C) and angle of internal friction (¢) before tillage-planting 
operations 
Tillage 
system 
Fall plow 
Plant on ridges 
Chisel plow 
Disk 
No till 
Overall mean 
C (psj_) 
Furrow Row 
0,80 0,98 
1.01 0,92 
1.17 0.88 
1.08 0.95 
o. 92 0.97 
1.00 0.94 
¢ (degrees) 
Furrow Row 
37.46 49.12 
39.56 52.63 
34.19 54.64 
34.85 51.72 
40.6o 52.14 
37.33 52.05 
0'-
'-.{) 
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of the mean values of cohesion among tillage systems (Table 7). The posi-
tion was not significant, as explained by the slightly smaller difference 
of the overall means for furrow and row position. Table A-10, Appendix A, 
shows an analysis of variance for angle of internal friction before 
tillage-planting operations. The tillage systems had no effect on the 
angle of internal friction of soil. It may be explained from the dif-
ference in angle of internal friction noted in Table 7 are of small magni-
tudes. The position was found to be highly significant, as expected from 
0 0 
examination of overall mean values for furrow (37.33 ) and row (52.05 ). 
The mean values of cohesion and angle of internal friction after 
tillage-planting operations is shown ' in Table 8. The table indicates that 
the chisel plow plot has the lowest value of cohesion in furrow and row 
position. The disk plot has the highest value of cohesion in furrow posi-
tion. The fall plow and no till plots have the highest and the same 
values of cohesion in row position. The mean values of cohesion in fur-
row shows a range from 0,60 psi in chisel plow treatment to 1.32 psi in 
disk treatment. The range of the mean values of cohesion of all of the 
tillage systems was approximately 0.72 psi in furrow and 0.32 psi in row 
position. Table 8 shows highest angle of internal friction for chisel 
plow plot in row position and lowest for plant on ridges plot in row 
position. The range of angle of internal friction of all of the tillage 
systems for furrow position was 5.08 and 8.85 degrees for row position. 
The overall means of angle of internal friction for furrow and row position 
were 53.02 and 52,88 respectively, 
An analysis of variance for cohesion and angle of internal friction 
Table 8. Mean values of cohesion (C) and angle of internal friction (~) after tillage-planting 
operations 
Tillage 
system 
Fall plow 
Plant on ridges 
Chisel plow 
Disk 
No till 
Overall mean 
C (psi) 
Furrow Row 
00 82 1.12 
1.00 0.82 
0.60 0.80 
1.32 0.92 
0.62 1.12 
0.87 0.96 
~ (degrees) 
Furrow Row 
54.29 53.18 
50.11 48.45 
53.48 56.90 
52.02 52.02 
55.19 53.87 
53.02 52.88 
---.) 
...... 
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after tillage-planting operations is shown in Table A-11, Appendix A. 
As can be observed in Table 8, cohesion of the disk treatment was larger 
than chisel plow, fall plow and no till treatments; however, an analysis 
of variance of the data shows that the mean square for the five treatments 
is 0.191 while the mean square for error is 0.160, therefore there is no 
statistical difference in the values of cohesion between tillage systems. 
The variation in the angle of internal friction between tillage systems 
was small therefore there is no statistical difference in the angle of 
internal friction between tillage systems. (Table A-12, Appendix A). 
In Table 9 the mean cohesion, angle of internal friction, moisture 
content and bulk density change as affected by the tillage-planting opera-
tions in furrow are shown for all of the tillage systems. The same data 
for cohesion and angle of internal friction are shown graphically in 
Figures 13 and 14. The cohesion change from the chisel plow, plant on 
ridges and no till treatments decreased. It is indicated for the negative 
values in Table 9. The fall plow and disk treatments did not decrease. 
It is indicated for the positive values in Table 9. The reduction of 
cohesion from the chisel plow were larger than those from plant on ridges 
and no till treatments. The moisture content and cohesion of chisel plow 
changed in the same way (-Oo575) and bulk density change was found to be 
-0.412 gms/cc. The same data in Table 9 also show that when the tillage-
planting operations were performed in fall plow and disk plots, the cohe-
sion was increased. The amount of such increases were of a very small 
magnitude for fall plow trea.+A . nt and small for disk treatment. 
From these data it can be concluded that although tillage systems 
help decrease cohesion, the difference between fall plow and disk 
Table 9. Mean changes in cohesion, angle of internal friction, moisture content and bulk density 
as affected by tillage-planting operations in furrow (after - before) 
Furrowa 
Tillage system c CP5i) ____ ¢ · [degrees)-- -Mc~~y -- --BD T~sl cc) 
Fall plow 0.025 17.22 -2.290 -0.604 
Plant on ridges -0.017 10.54 -0.550 -0 • .547 
Chisel plow -0.575 19.29 -0.575 -0.412 
Disk 0.245 17.17 0.165 -0.450 
No till -0.302 14.59 -2.900 -0.313 
~ = cohesion, ¢ = angle of internal friction, MC = moisture content, BD = bulk density. 
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treatments shows that disk treatment increased the cohesive force between 
clay particles. An increase in cohesion for fall plow treatment is negli-
gible for all practical purposes. 
Angle of internal friction data for tillage systems is given in 
Table 9 and is shown graphically in Figure 14. All of the values ob-
tained are positive. This means that the angle of internal friction fol-
lowing tillage-planting was ereater than angle of internal friction before 
tillage-planting operations. From Table 9 and Figure 14 the chisel plow 
treatment produced a greater positive change than any of the other till-
age systems. The angle of internal friction found for plow and disk 
treatments was approximately the same. However, they had different 
moisture content and different bulk density change. 
The results indicate that the tillage systems have an influence in 
increasing the angle of internal friction of the soil. 
In Table 10 the mean changes in cohesion, angle of internal fric-
tion, moisture content and bulk density as affected by tillage-planting 
operations in the row are shown for all tillage systems. Figures 15 and 
16 exhibit the cohesion changes and angle of internal friction of the 
tillage systems. Table 10 shows that the values of cohesion decreased 
for the plant on ridges, chisel plow and disk treatments. The highest 
level of such decrease occurred in plant on ridges treatment where the 
bulk density change (0.034) and the percentage of moisture content change 
(-0.075) were low. The lowest level of decrease occurred in disk treat-
ment where the bulk density change and percentage of moisture content were 
0.003 gms/cc and -0.292% respectively. The same data in Table 10 also 
shows that the cohesion for fall plow and no till treatments increased. 
Table 10. Mean changes in cohesion, angle of internal friction, moisture content and bulk density 
as affected by tillage-planting operations in row (after - before) 
Rowa 
Tillage sys tern c [psi)~---1fTciegreesl MC ·T%)·- BD-rgm/cc) 
Fall plow 0.147 4.05 o.655 -0.037 
Plant on ridges -0.100 -4.17 -0.075 0.034 
Chisel plow -0.087 2.25 0.252 0.026 
Disk -0.025 0.29 -0.292 0.003 
No till 0.150 2.12 0.775 0.019 
aC = cohesion, ¢ = angle of internal friction, MC = moisture content, BD = bulk density. 
-..J 
-..J 
0.20 -•rl 
Ill p_.,...... 
.......... Q) 0.10 
~ 
Q) 0 
bOtri 
~ Q) 
~ .0 0 
0 I 
~ ~ 
0 Q) 
·~ ~ -0.10 
Q) Qj 
,..c: ......... 
0 
u 
-0.20 
Treatinents 
Figure 15, Cohesion changes as affected by tillage-planting operations (row) 
~ Fall plow 
~ Plant on ridges 
~ Chisel plow 
~;:.i~l Disk 
0 No till 
---:1 
CXl 
,...._ 
(/) ........ 
Q) Q) 
Q) '"' tb~ 
Q) (J) 
"tj,..O ........ 
4 
3 
2 
1 
0 
G> I -1 
bOl-o s:: (J) 
<1l+' 
...S::Ct-1 
() ~ -2 
"&. 
-3 
-4 
-5 
Treatments 
P'Za Fall plow 
~ Plant on ridges 
~ Chisel plow 
~':/:1 Disk 
0 No till 
Figure 16, Angle of internal friction changes as affected by tillage-planting operations (row) 
...._;] 
'-() 
Jo 
A very small difference was recorded between them (Figure 15). 
From these data it can be concluded that although plant on ridges, 
chisel plow and disk treatments help decrease cohesion, the amount of 
such decrease noted in Figure 15 and Table 8 are of very small magnitude. 
Table 10 shows that the values of angle of internal friction change 
when fall plow, chisel plow, disk and no till treatments increased. The 
highest level of such increase occurred in fall plow treatment where the 
bulk density change (-0,037) decreased and moisture content (0.655) 
increased. Angle of internal friction change decreased for plant on 
ridges where the bulk density (0, 034) increased and moisture content 
(-0,075) decreased. Only small differences due to chisel plow and no till 
treatment were obtained for angle of internal friction (Table 10). Larger 
differences were found between fall plow and disk treatments. 
In general, it can be concluded from these data that fall plow, 
chisel plow and disk treatments help increase the angle of internal fric-
tion of the soil. The angle of internal friction of the soil was reduced 
by approximately 4.17° in plant on ridges treatment. 
Tillage systems were not a significant variable in the analysis of 
variance for cohesion change shown in Table A-13, Appendix A. This indi-
cated that for the cohesion data, there was small variation in cohesion of 
the soil obtained from plot to plot. 
The analysis of variance for angle of internal friction change shown 
in Table A-14, Appendix A, shows that the tillage systems did not have a 
signif icant effect on the angle of internal friction of the soil. This 
indicated that although tillage systems help increase the angle of inter-
nal friction, slight differences were found among them. Highly significant 
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positlon effect was obtained for angle of internal friction (Table A-14, 
Appendix A), as would be expected from examination of overall means for 
furrow (16,8°) and for row position (0,83°), The statistical analysis of 
the moisture content change and bulk density change shown in Table A-15, 
Appendix A, indicates that the tillage systems were highly significant 
for bulk density, as would be expected from the large fluctuations shown 
in Tables 9 and 10, No significant difference was found for moisture 
content change. This would be expected since there was small variation 
between tillage systems. 
Cultivation Operations and Physical Measurements 
!Julk density 
The data for bulk density before cultivation operations are given in 
Table 11. The table shows the range to be from a low of 1.183 gms/cc in 
row for fall plow treatment to a high of 1.395 gms/cc in furrow for chisel 
plow treatment. The bulk density in furrow for fall plow and plant on 
ridges were approximately 5% higher in the furrow than they were in the 
row, The bulk density in furrow for chisel plow treatment was 10% higher 
in the furrow than it was in the row. The bulk density in furrow for disk 
and no till treatment was slightly higher in the furrow than they were in 
the row. While the bulk density in furrow had a range of 0,115 in the 
replicated plots for the depth 0 to 3 inches, it is 0.119 for the 3 to 6 
inches depth. The range of the bulk density of all of the tillage systems 
was approximately 0.190 in furrow and 0,106 in row position. The bulk 
density in fUrrow for the depth 0 to 3 inches was 5% higher in the furrow 
than it was in the row, Likewise, the bulk density in furrow for the 
Table 11. Bulk density before cultivation operations 
Tillage Depth 3ulk densit~ ~~sLcci 
system (inches) Furrow Row 
Fall plow 0 - 3 1.198 1.113 
II 3 - 6 1.147 1.119 
" 6 - 9 1.205 1.171 
II 9 - 12 1.285 1.289 
" 12 - 15 1.248 1.218 
Mean 1.217 1.183 
Plant on ridges 0 - 3 1.133 1.040 ~ 
" 3 - 6 1.253 1,189 
II 6- 9 1.277 1.232 
II 9 - 12 1.240 1.198 
" 12 - 15 1.256 1.271 
Mean 1.232 1.186 
Chisel plow 0 - 3 1.071 0.940 
" 3 - 6 1.228 1.105 
• " 6 - 9 1.294 1.134 
" 9 - 12 1.084 1.156 
Table 11. Continued 
Tillage Depth Bulk densit~ ~gmsLcc~ 
system (inches) Furrow Row 
Chisel plow 12 - 15 1.295 1.226 
Mean 1.395 1.112 
Disk 0 - 3 0.983 1.115 
II 3 - 6 1.266 1.251 
II 6 - 9 1.274 1.170 
" 9 - 12 1.)22 1.288 
II 12 - 15 1.291 1.265 Q) \....> 
Mean 1.227 1.218 
No till 0 - 3 1.114 1.030 
II 3 - 6 1.173 1.158 
II 6 - 9 1.182 1.284 
.. 9- 12 1.270 1.274 
II 12 - 15 1.284 1.239 
Mean 1.205 1.197 
Overall mean 1.255 1.179 
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depth 3 to 6 inches was approximately 6% higher in the furrow than it was 
in the row. 
oecause of missing values in the data sets, unbalanced design analo-
:;ous to Henderson's method 1 was used to compute variance components. 
The analysis of variance for bulk density before cultivation operations 
i s shmm in Table b-1, Appendix B. Tillage systems did not have a signif-
icant effect on bulk density, as explained by the small difference between 
tillage system mean. The depth was significant, as may be noted in Table 
11. The bulk density of the soil increased with the depth of sampling. 
The data for bulk density after cultivation operations are shown in 
Table 12. The table presents the range to be from a low of 1,152 gms/cc 
in r o v.1 for no till treatment to a high of 1. 279 gms / cc in furrow for fall 
plow. The bulk density in furrow for fall plow and chisel plow treatments 
were approximately 7.5% higher in the furrow than they were in the row. 
Likewise, the bulk density in furrow for disk and no till treatments were 
approximately 5.5% higher in the furrow than they were in the row, The 
bulk density in furrow for plant on ridges was 8% higher in the furrow 
than it was in the row. While the bulk density in furrow ranged 0.060 in 
the replicated plots for the depth 0 to 3 inches, it is 0.167 for the 3 
to 6 inches depth; furthermore, it is 0.115 for the 0 to 3 inches and 
0.251 for the 3 to 6 inches depth in row position. The range of the bulk 
density of all of the tillage systems was approximately 0.032 in furrow 
and 0,058 in row position. The bulk density in furrow for the depth 0 to 
3 inches was 19.5% higher in the furrow than it was in the row; too, the 
bulk density in furrow for the depth 3 to 6 inches was 11.2% higher in the 
furrow than it was in the row, Lesser bulk density difference in furrow 
Table 12. Bulk density after cultivation operations 
Tillage Depth Bulk densitl ~~sLcc~ 
system (inches) Furrow Row 
Fall plow 0 - 3 1.190 1.008 
" 3 - 6 1.277 1.026 
II 6 - 9 1.264 1.272 
" 9 - 12 1.358 1.300 
" 12 - 15 1.307 1.289 
Mean 1.279 1.179 
Cfj 
Plant on ridges 0 - 3 1.147 0.898 
\..n 
II 3 - 6 1.359 1.074 
" 6 - 9 1.241 1.178 
" 9 - 12 1.291 1.292 
" 12 - 15 1.271 1.339 
Mean 1.262 2.156 
Chisel plow 0 - 3 1.207 0.983 
" 3 - 6 1.173 1.175 
II 6 - 9 1.333 1.162 
" 9 - 12 1.299 1.259 
Table 12. Continued 
Tillage Depth Bulk densit~ ~gmsLcc~ 
system (inches) Furrow Row 
Chisel plow 12 - 15 1.290 1.225 
Mean 1.260 1.161 
Disk 0 - 3 1.196 0.993 
" 3 - 6 1.317 1.277 
" 6 - 9 1.236 1.205 
" 9- 12 1.315 1.301 
CG 
" 12 - 15 1.312 1.277 {)'\ 
Mean 1.277 1.210 
No till 0 - 3 1.173 0.893 
" 3 - 6 1.150 1.063 
" 6 - 9 1. 361 1.205 
II 9 - 12 1.289 1.293 
II 12 - 15 1.263 1.308 
Mean 1.247 1.152 
Overall mean 1.265 1.172 
and row position were found for the depth 6 to 9 inches. The bulk density 
was approximately the same for the depth 9 to 12 and 12 to 15 inches, 
This would be expected since the cultivation operations do not disturb 
the soil at this depth, The overall mean in furrow was approximately 7% 
higher in the fUrrow than it was in the row, 
The analysis of variance for bulk density after cultivation opera-
tions given in Table B-2, Appendix B, shows that the tillage systems were 
not significantly different, The cause of this nonsignificance among 
tillage systems is due to small bulk density differences among treat-
ments. The effect for position and depth was highly significant, Signif-
icance of the main effect position can be explained from the difference 
between overall mean for furrow and row position, Significance of the 
main effect depth was caused by large difference between depths, When-
ever soil is disturbed by cultivation operations, a variation of this type 
may be expected, Linear and quadratic for main effect depth were tested 
significant (Table B~3, Appendix B), It will be observed from Table 12 
that the bulk density of the soil increased until it reached a peak value 
at a certain depth of soil, beyond that, it decreased for the remaining 
depth of soil. The position x depth interaction was highly significant; 
this indicates that the position and depth factors did not act indepen-
dently and the influence of the depth factor on bulk density depended on 
the level of the position factor, 
The data for bulk densj.ty change (after - before) cultivation opera-
tions are shown in Table 13. To visualize the effects of tillage systems 
on both the bulk density changes and depth of sampling, Figures 17 and 18 
were constructed, Table 13 indicates that chisel plow treatment has a 
Table 13. Bulk density change (after - before) cultivation operations 
Tillage Depth Bulk densit~ ~~sLcc2 
system (inches) Furrow Row 
Fall plow 0 - 3 -0.007 -0.071 
" 3 - 6 0.130 -0.093 
" 6 - 9 0.058 0.101 
" 9 - 12 0.073 0.011 
II 12 - 15 0.058 0.063 
Mean 0.062 0.002 
(J) 
Plant on ridges 0 - 3 0.014 -0.142 (J) 
II 3 - 6 0.105 -0.114 
II 6 - 9 -0.035 -0.054 
" 9 - 12 0.050 0.093 
II 12 - 15 0.009 0.067 
II Mean 0.025 -0.030 
Chisel plow 0 - 3 0.136 o.o~ 
" 3 - 6 -0.055 0.070 
" 6 - 9 0.039 0.028 
" 9 - 12 -0.215 0.103 
Table 13. Continued 
Tillage Depth Bulk densit~ ~~sLcc~ 
system (inches) Furrow Row 
Chisel plow 12 - 15 -0.004 -0.001 
Mean -0.134 0.048 
Disk 0 - 3 0.226 -0.122 
" 3 - 6 0.051 0.025 
" 6 - 9 -0.038 0.034 
" 9 - 12 -0.006 0.013 
" 12 - 15 0.021 0.011 OJ '-() 
Mean 0.047 -0.007 
No till 0 - 3 0.059 -0.136 
" 3 - 6 -0.022 -0.094 
" 6 - 9 0.178 -0.078 
" 9 - 12 0,018 0.019 
" 12 - 15 -0.020 0.069 
Mean 0.042 -0.044 
-
Overall mean 0.009 -Oc006 
90 
C\l . . 
0 0 0 
C\l . 
0 
I 
..::t 
• 
0 
I 
ca~oJeq - ~e+Ja) 
(ooj~) e~ua~o A+1suep ~LTIH 
~~-2~ 
2~-6 
6-9 
9-£ 
£-o 
~~-2~ 
2~-6 
6-9 
9-£ 
£-o 
~~-2l 
2l-6 
6-9 
9-£ 
£-o 
~~-2l 
2~-6 
6-9 
9-£ 
£-o 
U) 
Q) 
bD 
~ 
Ill 
...c:: 
{) 
p 
·rl 
U) 
~ 
Q) 
"'d 
::t .,..., ...., 
0 z 
~ 
• 
0 
C\l 
• 
0 0 
91 
. 
0 
I 
(e~oJeq - ~e+J~) 
(ooj~) e2ue~o A+~suep ~Ina 
s; "'-2"1: 
2~-6 
6-9 
9-( 
(-o 
s;"' -2"' 
2"1:-6 
6-9 
9-( 
(-O 
s;"!:-2"1: 
2"1:-6 
6-9 
9-( 
(-o 
s;"!:-2"1: 
2"1:-6 
6-9 
9-( 
(-O 
small decrease for mean bulk density in furrow position. The remaining 
tillage systems do not show a decrease for mean bulk density in furrow 
position. Plant on ridges, disk and no till treatments show a decrease 
for mean bulk density in row position, The fall plow treatment shows a 
very small decrease at 0 to 3 inches depth in furrow and at 0 to 3 and 6 
to 3 inches depth in row position. The plant on ridges treatment exhibits 
a small decrease at 0 to 3, 3 to 6 and 6 to 9 inches depth in row posi-
tion, The chisel plow treatment presents a very small decrease at 3 to 6 
inches depth; also, the bulk density decreased at lower depths in furrow 
position. The disk treatment shows a small decrease at 0 to 3 inches 
depth in row position; likewise, the bulk density decreased very little at 
lower depths. The no till treatment indicated a decrease at 0 to 3, 3 to 
6 and 6 to 9 inches depth in row position; also, the bulk density de-
creased very little at 3 to 6 inches depth in furrow position, 
The bulk density for the furrow and row position are shown in Figures 
17 and 18 to illustrate the small differences in bulk density change 
existing between the tillage systems. It is likely that a portion of 
these small differences, directly or indirectly, resulted from the sam-
pling error. 
A statistical analysis of data does not indicate a significant dif-
ference among tillage systems (Table B-4, Appendix B). This would be 
expected because of the small difference in bulk density change existing 
between the tillage systems. 
From these data it can be concluded that the cultivation operations 
had no significant effect on the bulk density of the soil. 
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Moisture content 
The data shown in Table 14 are values of moisture content before 
cultivation operations, This table indicates the range to be from a low 
of about 23% mean soil moisture content for no till treatment in row to a 
high of about 26% for plant on ridges in furrow position; also, the mean 
soil moisture in row shows a range from 23.19% in no till treatment to 
25.92~ in plant on ridges treatment. The mean soil moisture in furrow 
shows a range from 24.52% in chisel plow treatment to 26,75% in plant on 
ridges. Fall plow treatment showed the highest range of difference 
(6,86%) in furrow, with about 1.1% from 0 to 6 inches depth. The lowest 
range of difference (1,80%) was found in disk treatment in row position, 
with about 0,38% from 0 to 6 inches depth. The overall means of moisture 
content in furrow was approximately 2% higher in the furrow than it was in 
the row, 
The analysis of variance for moisture content before cultivation 
operations is shown in Table B-5, Appendix B. The table indicates that 
the tillage systems did not have a significant effect on moisture content, 
This would be expected from the small fluctuations among tillage systems. 
The depth was found to be highly significant, It can be observed from 
Table 14 that the moisture content of the soil varies with the depth of 
sampling. 
The data shown in Table 15 are values of moisture content after cul-
tivation operations. This table indicates the range to be from a low of 
about 23% mean soil moisture content for no till treatment in furrow to a 
high of about 26% for plant on ridges in row position, The mean soil 
moisture in furrow shows a range from 23.3~ in no till treatment to 
Table 14. Soil moisture content before cultivation operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow 0 - 3 27.63 24.08 
II 3 - 6 28.78 27.94 
II 6 - 9 26.19 25.06 
II 9- 12 23.74 22.68 
" 12 - 15 21.92 26.60 
Mean 25.65 25.38 
Plant on ridges 0 - 3 29.21 24.42 
'-() 
.{::" 
.. 3 - 6 27.59 25.79 
II 6 - 9 26.47 27.10 
II 9 - 12 25.65 25.97 
" 12 - 15 24.81 26.39 
Mean 26.75 25.92 
Chisel plow 0 - 3 26.48 23.91 
II 3 - 6 26.62 27.86 
" 6 - 9 24.27 25.70 
II 9- 12 24.58 25.42 
Table 14. Continued 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Chisel plow 12 - 15 22.66 25.58 
Mean 24.52 25.71 
Disk 0 - 3 26.18 24.62 
" 3 - 6 24.79 25.00 
" 6 - 9 24.61 24.75 
•• 9 - 12 23.03 23.29 
\.() 
" 12 - 15 25.05 25.09 \J\ 
Mean 24.73 24.53 
No till 0- 3 27.14 23.18 
II 3- 6 24.53 24.88 
.. 6- 9 22.66 21.75 
II 9 - 12 24.46 22.58 
II 12 - 15 24.69 23.66 
Mean 24.70 23.19 
Overall mean 25.27 24.94 
Table 15. Soil moisture content after cultivation operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow 0 - 3 24.92 23.27 
" 6 - 3 28.08 23.38 
" 6 - 9 25.60 28.62 
" 9 - 12 22.97 24.94 
" 12 - 15 22.89 23.13 
Mean 24.16 25.07 
'-D 
Plant on ridges 0 - 3 22.36 27.61 
0". 
" 3 - 6 25.04 26.46 
" 6 - 9 25.17 26.97 
" 9 - 12 23.18 26.22 
" 12 - 15 22.32 24.27 
Mean 23.71 26.)1 
Chisel plow 0 - 3 28.68 23.06 
It 3 - 6 25.95 26.70 
" 6 - 9 24.41 26.88 
It 9 - 12 22.67 25.21 
Table 15. Continued 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Chisel plow 12 - 15 22.98 23.48 
Mean 23.36 24.03 
Disk 0 - 3 24.60 25.54 
" 3 - 6 24. 89 25.13 
" 6 - 9 24.50 24.53 
" 9 - 12 21.73 23.06 
" 12 - 15 22.82 22.99 
\.{') 
~ 
Mean 24.89 25.89 
No till 0 - 3 23.49 21.80 
.. 3 - 6 24.11 25.10 
" 6 - 9 22.85 27.04 
" 9 - 12 22.72 23.53 
" 12 - 15 23.64 22.69 
Mean 23.61 26.30 
Overall mean 23.95 25.11 
24.89% in fall plow treatment; too, the mean soil moisture in row shows 
a range from 24.03% in no till treatment to 26.31% in plant on ridges 
treatment. Fall plow treatment showed the highest range of difference 
(6.11%) in furrow, with about 3.16% from 0 to 6 inches depth. Further-
more, the chisel plow treatment had a range of about 6%, with 2.64% from 
0 to 6 inches depth. The lowest range of difference (1.39%) was found in 
no till treatment in furrow position, with about 0.62% from 0 to 6 inches 
depth. The moisture content for fall plow treatment in furrow for fall 
plow and chisel plow treatments was 4% lower in the furrow than it was in 
the row. The moisture content for plant on ridges in furrow was 10% lower 
in the furrow than it was in the row; likewise, it was 2.5% and ).2% lower 
in the furrow than it was in the row for disk and no till treatment. The 
overall means of moisture content in row was approximately 5% higher in 
the row than it was in the furrow. 
From these data it should be noted that the moisture content of the 
soil was greater in the row position than in the furrow position at all 
tillage system plots. This indicates that moisture was lost from the 
stirred soil. 
An analysis of variance for moisture content after cultivation opera-
tions was computed and the results are shown in Table B-6, Appendix B. 
The tillage systems were not found to be significant, as would be expected 
from examination of tillage system means which were approximately within a 
3% range of all treatments. The main effect for position was significant. 
The significance arises from the difference of the moisture content of the 
soil which was greater in the row position than in the furrow. The mean 
effect for depth was highly significant. This would be noted since the 
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moisture content of soil decreases with the depth of sampling (Table 15). 
Linear, quadratic and lack of fit were tested significant (Table B-7, 
Appendix B). This means that the data for moisture content of the soil 
increased until it got to a maximum value at a certain depth of soil 
beyond which it tended to decrease for the remaining depth of soil. 
The data for soil moisture content change (after - before) cultiva-
tion operations are given in Table 16. The change relationship is given 
for the difference of after cultivation and before cultivation. This pro-
cedure gives negative values when the cultivation operation decreased the 
moisture content and positive values when it increased the moisture con-
tent. 
Data in Table 16 shows the range to be from a low of -3.13% mean soil 
moisture content in furrow for plant on ridges treatment to a high of 
0.94% in row for no till treatment. Also, the mean moisture content 
change in furrow had a range from -3.13% in plant on ridges treatment to 
-0.45% in chisel plow treatment. The mean moisture content change in row 
had a range from 0.94% in no till treatment to -0.42% in chisel plow 
treatment. 
To visualize the effect of cultivation operations on both the mois-
ture content changes and depth of sampling, Figures 19 and 20 were made. 
The moisture content changes presented in these figures are indicative of 
the moisture content of the different tillage systems. The moisture con-
tent change for furrow position exhibited in Figure 19 shows the tendency 
of cultivation operations to promote drying rates. In chisel plow, fall 
plow, disk and no till treatments, the range of soil moisture content 
changes shown in Figure 19 was smaller than the plant on ridges treatments. 
Table 16, Soil moisture content change (after - before) cultivation operations 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Fall plow 0 - 3 -2.70 -1.44 
.. 3 - 6 -0.70 1.44 
.. 6 - 9 -0.59 ).55 
.. 9- 12 -0.?7 1.84 
.. 12 - 15 0.9? -).03 
Mean -0.76 o. 62 
....... 
Plant on ridges -6.84 ).19 
0 
0 - 3 0 
.. 3 - 6 -2.54 o. 66 
" 6 - 9 -1.30 -0.13 
" 9 - 12 -2.46 0,24 
.. 12 - 15 -2.48 -2.11 
Mean -3.13 0.47 
Chisel plow 0 - 3 -Oo80 -0,85 
" 3 - 6 0.33 -1.15 
" 6 - 9 0,1) 1.18 
" 9 - 12 -1.91 1,09 
Table 16. Continued 
Tillage Depth Percent moisture content 
system (inches) Furrow Row 
Chisel plow 12 - 15 0,02 -2.10 
Mean -0.45 -0.42 
Disk 0 - 3 -1.57 0.91 
.. 3 - 6 0,10 0,12 
.. 6 - 9 -0.11 -0.21 
.. 9- 12 -1.29 -0.23 
~ .. 12 - 15 -2.23 -1.78 0 ....... 
Mean -1.02 -0.17 
No till 0 - 3 -3.65 -1.37 
.. 3 - 6 -0.42 0,21 
.. 6 - 9 -0.19 5.29 
.. 9 - 12 -1.74 0.95 
.. 12 - 15 -1.04 0.67 
Mean -1.33 0.94 
Overall mean -1.34 0,28 
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These results, while too limited to permit definite conclusion, indicate 
that the variation of soil moisture found between the tillage systems was 
not essentially brought about by the cultivation operations on any of the 
tillage systems studied. The moisture content changes in row position 
shown in Figure 20 were not uniform on any of the tillage systems. Since 
the cultivation operation did not disturb the row, it could be a result 
of uncontrolled factors, such as moisture stress in the plant, and posi-
tion of sampling in respect to the plant, The driest place in the field 
is under a corn plant, 
Analysis of variance for soil moisture content change (after -
before) is given in Table B-8, Appendix B. The statistical analysis 
shows that the tillage systems effects are not significant, Nonsignifi-
cance arises from the small differences among treatment means, The main 
effect for position was significant, The mean value for furrow (-O,J4~) 
was smaller than in row (0,2~). The main effect for depth was highly 
significant, This would be expected since the moisture content changes 
varied with the depth of sampling. The average moisture content changes 
obtained from plots in the upper depths were different from those obtained 
from the lower depth, 
From these data it can be concluded that the changes in moisture 
content were of small magnitude, The use of this variable as index for 
measuring effect of cultivation operations on moisture content of soil is 
complicated because of the many factors which affect moisture content. 
The cultivation operations did not have a clear effect on the moisture 
content of the soil, 
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Cone index 
The data for cone index before cultivation operations are pointed out 
in Table 17. The table indicates the cone indexes for the three different 
depths of 0 to 7, 14 and 21 inches with respect to position (furrow and 
row) and tillage systems. While the cone index in furrow ranged 31.51 in 
the replicated plots for the depth 0 to 7 inches, it is 9.80 for the 14 
inches and 10.55 for the 21 inches depth. The cone index at 0 to 7 inches 
depth was 14.9% lower at 0 to 7 inches depth than it was at 14 inches 
depth. The cone index at 0 to 7 inches depth was JO% higher at 0 to 7 
inches depth than it was at 21 inches depth. The fall plow treatment is 
different with 76.33 for 0 to 7 inches depth and the range of difference 
in cone index is 53.99. It is 57.04 for plant on ridges, 53.64 for chisel 
plow, 60.54 for disk and 49.74 for no till treatment. The range of dif-
ference of all the tillage systems is 14.85. The highest mean value of 
cone index in furrow position was reached in no till treatment (98.39). 
The lowest mean value was found in fall plow treatment (80.12 ) . The data 
for cone index before cultivation operations in row position (Table 17) 
indicate that the fall plow treatment is different with 74.42 for 0 to 7 
inches depth and its range of difference is 55.64. It is 59.24 for plant 
on ridges, 56.04 for chisel plow, 65.54 for disk and 50.74 for no till 
treatment. The highest mean value of cone index in row position was ob-
tained in plant on ridges (93.86). The lowest mean value was reached in 
fall plow treatment (79.35). The overall means of cone index for furrow 
and row position were 92.33 and 87.58 respectively. 
The analysis of variance cone index before cultivation operations 
is shown in Table B-9, Appendix B. Significant cone index diff erences 
Table 17. Mean cone index before cultivation operations 
Tillage 
system 
Fall plow 
" 
.. 
Plant on ridges 
" 
" 
Chisel plow 
" 
" 
Disk 
" 
.. 
Depth 
(inches) 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Cone index (psi) 
Furrow Row 
78.2) 74.42 
107.24 109.64 
54.90 54.00 
80,12 79.35 
105.84 97.03 
p 
112.24 121.84 
0 
()'. 
57.30 62.70 
95.13 93.86 
105.64 79.23 
109.24 111.64 
ss.oo 55.60 
90.96 82.15 
113.04 102.64 
116.84 119.64 
61.30 54.10 
Table 17. Continued 
Disk 
Tillage 
system 
No till 
" 
II 
Overall mean 
Depth 
(inches) 
Mean 
0- 7 
14 
21 
.He an 
Cone index (psi) 
Furrow Row 
97e06 92.12 
115.04 91.83 
114.44 115.04 
65.70 64.30 
98.39 90.39 
....... 
0 
.....;) 
92.33 87.58 
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associated with tillage systems occurred when the fall plow and chisel 
plow treatments were less than average of 89.95 and the remaining tillage 
systems were greater than the average of 89.95. The main effect for posi-
tion was significant. The significance arises from the overall mean of 
cone index for row position which was less than the overall mean for fur-
row position. The main effect for depth was highly significant, as would 
be expected from the large depth-to-depth differences shown in Table 17. 
The data for cone index after cultivation operations are shown in 
Table 18. The table indicates the cone index for the three different 
depths with respect to position (furrow and row) and tillage systems. 
While the cone index in furrow had a range of 21.81 in the replicated 
plots for the depth 0 to 7 inches, it is 25.01 for the 14 inches and 15.40 
for the 21 inches depth. The cone index in row had a range of 35.41 for 
the depth 0 to 7 inches, it was 15.01 for the 14 inches and 9.20 for the 
21 inches depth. The cone index in furrow was 5% greater in the furrow 
than it was in the row. The fall plow treatment is different with 83.23 
(furrow) for 0 to 7 inches depth and with a range of difference of 53.04. 
It is 47.14 for plant on ridges, 49.64 for chisel plow, 60.64 for disk and 
. 55.24 for no till treatment. The fall plow treatment is also different in 
row position with 77.03 for 0 to 7 inches depth and with a range of dif-
ference of 33.41. It is 48.74 for plant on ridges, 32.93 for chisel plow, 
41.74 for disk and 49.14 for no till treatment. The highest overall mean 
(furrow and row) of cone index was found in disk treatment (89.17). The 
lowest overall mean of cone index was reached in chisel plow treatment 
(83.82). 
Table 15. Mean cone index after cultivation operations 
Tillage 
system 
Fall plow 
" 
" 
Plant on ridges 
" 
" 
Chisel plow 
II 
" 
Disk 
II 
II 
Depth 
(inches) 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Mean 
0- 7 
14 
21 
Cone index (psi) 
Furrow Row 
83.23 77.03 
118.24 110.44 
65.20 55.80 
88.89 81.09 
105.24 102.64 
p 
105.24 101.44 
0 
\.() 
58.10 53a90 
89.52 85.99 
99.63 82.43 
111.14 95.43 
61.50 52.50 
90.86 76.79 
110.44 112.44 
93.23 108.44 
49.80 60.70 
Table 18. Continued 
Disk 
Tillage 
system 
No till 
" 
II 
Overall mean 
Depth 
(inches) 
Mean 
0 - 7 
14 
21 
Mean 
Cone index (psi) 
Furrow Row 
84.49 93.86 
111.04 95.63 
102.04 100.64 
55.80 51.50 
89.62 82.59 
...... 
........ 
0 
88.68 84.06 
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The ana~sis of variance for cone index after cultivation operations 
is shown in Table B-10, Appendix B. The mean cone index was 86,37 psi; 
there was not a significant tillage response. The main effect for depth 
was highly significant. One might expect this to be true since the dif-
ferences were generally greater. Linear and quadratic effect of the depth 
were tested high~ significant (Table B-11, Appendix B). It will be ob-
served from the data in Table 18 that the cone index of the soil increased 
until it arrived at a maximum value at 14 inches depth of soil beyond 
which it decreased for the remaining depth of soil, The tillage system 
x depth interaction was highly significant which indicates that the till-
age system and depth effects are not additive and are not independent of 
one another. The influence of the depth factor on cone index depended on 
the level of the tillage system. 
The data for cone index change (after - before) cultivation opera-
tions are shown in Table 19. The same data for cone index in furrow and 
row position are depicted graphically in Figures 21 and 22. The cone in-
dex change is given for the difference between after cultivation and be-
fore cultivation. This procedure gives negative values of the variable 
cone index when the cultivation operations decreased the magnitude and 
positive values when it increased the values. Table 19 indicates that the 
fall plow treatment is notab~ different with increased values in furrow 
and row position. An increase in the cone index following mechanical cul-
tivations on a plow plot seems not to be reasonable in the 0 to 7 inches 
layer. However, moisture content changes might be responsible, This may 
also be part~ due to the physical mixing by plowing at 0 to 7 inches 
depth. Disk and no till treatments show a decrease at the lower depths, 
Table 19, Mean cone index change (after - before) cultivation operations 
Tillage Depth Cone index (psi) 
system (inches) Furrow Row 
Fall plow 0 - 7 12,00 2.60 
" 14 11.00 o.8o 
" 21 20.60 3.60 
Mean 14.53 2.33 
Plant on ridges 0 - '1 - 0,20 5.60 
..... 
" 14 - 7.00 -20.40 
..... 
l\) 
" 21 1.60 -17.60 
Mean - 1.86 -10.80 
Chisel plow 0 - 7 - 6.00 3.20 
" 14 2.20 -16.20 
II 21 7.00 - 6o20 
Mean 1.06 - 6,40 
Disk 0 - 7 - 2.60 9.80 '. 
" 14 -23.60 -11.20 
Table 19. Continued 
Disk 
Tillage 
system 
No till 
" 
It 
Overall mean 
Depth 
(inches) 
21 
Mean 
0 - 7 
14 
21 
Mean 
Cone index (psi) 
Furrow Row 
-2).00 1).20 
-16.40 - ).93 
- 4.00 ).80 
-12.40 -14.40 
-19.80 -25.61 
p 
p 
-12.07 -12.07 
\....) 
- 2.94 - 4.60 
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The erratic results obtained for these treatments could possibly be due to 
the variation of moisture content of the soil in the entire profile when 
the plots were cultivated. 
The mean cone index resulting from no till treatment for furrow and 
row position were the same. Disk treatment has the highest cone index 
changes (furrow) followed by no till treatment. Plant on ridges has the 
lowest cone index changes (furrow) followed by chisel plow (row). In 
plant on ridges treatment, the row has a larger cone index change than 
the furrow position. The chisel plow treatment has an increase of cone 
index in furrow but it decreases in row position. The disk treatment has 
a decrease of cone index in furrow but it increases i n row position. The 
overall mean (furrow and row) cone index of all of t he tillage systems 
for fall plow was 8.34, -6.33 for plant on ridges, - 2 .66 for chisel plow, 
- 6. 22 for disk and -12.07 for no till treatment. These overall means 
indicate that the differences were found in fall plow, plant on ridges, 
chisel plow and disk plots as compared to no till plot. These differences 
may not be significant. The overall mean of the cone index change for 
furrow and row position were -2. 94 and -4.60 respectively. 
The analysis of variance for cone index change (after - before) due 
to cultivation operations is shown in Table B-12, Appendix B. Although 
some differences were observed between tillage systems as compared to no 
till, the tillage systems were not found to have significant effect on 
cone index. An orthogonal comparison showed that the fall plow treatment 
versus all other tillage systems was significant. The significance arises 
from the increased cone index in the fall plow plot. 
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It may be concluded that the mechanical cultivations tend to pro-
mote a decrease of cone index for furrow position in the 0 to 7 inches 
layer, The effect can be seen in plant on ridges, chisel plow, disk and 
no till treatment. An increased cone index on the fall plow plotsJ mois-
ture content change probably was directly or indirectly responsible, 
Linear and quadratic effect of the depth were tested significant. 
Cohesion and angle of internal friction 
The data for cohesion and angle of internal friction before cultiva-
tion operations are shown in Table 20, The highest mean value of cohe-
sion in furrow position was reached in chisel plow treatment (1.32), The 
lowest mean value of cohesion in furrow position was found in no till 
treatment (1,05). The highest mean value of cohesion in row position was 
reached in plant on ridges (1,64) and the lowest mean value was found in 
disk treatment (1,02), The range of cohesion of all of the tillage sys-
tems for furrow and row position was 0,26 and 0,62 respectively, The 
cohesion in row was 11% greater than it was in the furrow, 
An analysis of variance of cohesion before cultivation operations is 
shown in Table ~-13, Appendix B, The tillage systems were not signifi-
cant, as would be expected from the small differences among treatment mean, 
The mean effect for position was not significant. The nonsignificance 
arises from a small difference between furrow and row position, 
The highest mean value of angle of internal friction in furrow posi-
tion was found in no till treatment (55.15°) and the lowest mean value 
was reached in chisel plow treatment (49.46°), The highest mean value of 
angle of internal friction in row was found in fall plow (54.97°) and the 
Table 20, Mean values of cohesion (C) and angle of internal friction (¢) before cultivation 
operations 
Tillage 
system 
Fall plow 
Plant on ridges 
Chisel plow 
Disk 
No till 
Overall mean 
C (psi) 
Furrow Row 
1,14 1.40 
1.12 1.64 
1.32 1.34 
1,22 1.02 
1.06 1.22 
1.17 1.32 
¢ (degrees) 
Furrow Row 
53.92 54.97 
50.86 50.88 
49.46 _54,11 
54.66 51.25 
55.15 53.80 
52.81 53.00 
I--" 
...... 
CP 
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lowest mean value was reached in disk treatment (51,25°), The range of 
angle of internal frictton of all of the tilla~e systems for furrow pos1-
,• 0 4 0 tion was 5.b9 and ,09 for row position, The s.n p;l~ of internal fric U on 
in row was 0.5% greater in the row than it was in the furrow. 
An analysis of variance for angle of internal friction before culti-
vation operations is given in Table B-14, Appendix b, There were no 
significant differences among tillage treatments, This would be explained 
from the small variation between treatment mean shown in Table 20, The 
position was not significant, This would be expected since the difference 
between furrow and row was of a very small magnitude. 
The mean values of cohesion and angle of internal friction after 
cultivation operations is shown in Table 21. The highest mean value of 
cohesion in furrow position was found in plant on ridges (1,44) and the 
lowest mean value was reached in fall plow treatment (l.10). The highest 
mean value of cohesion in row position was found in no till treatment 
(1o30) and the lowest mean value was reached in disk treatment (0.96). 
The range of cohesion of all of the tillage systems for furrow was 0.04 
and 0,34 for row position. The cohesion in furrow was 8,5% higher in the 
furrow than it was in the row, 
An analysis of variance of cohesion after cultivation operations is 
shown in Table B-15, Appendix B. Tillage systems were not found to be 
significant, The nonsignificance arises from the small variation among 
treatment mean. The mean effect for position was not significant, as 
would be expected from examination of mean value for furrow and row posi-
tion. 
The highest mean value of angle of internal friction in furrow 
Table 21, Nean values of cohesion (C) and angle of internal friction (¢) after cultivation 
operations 
Tillage 
system 
Fall plow 
Plant on ridges 
Chisel plow 
Disk 
No till 
Overall mean 
C (psi) 
Furrow Row 
1.10 1.12 
1.44 1.12 
1.38 1.20 
1.14 0.96 
1,18 1.30 
1.24 1.14 
¢ _ldegrees) 
Furrow Row 
54.79 59.79 
57.65 58,20 
55.49 59.67 
55.31 58.34 
61.14 54.12 
56.88 58.02 
p 
N 
0 
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position was found in plant on ridges treatment (57.65°) and the lowest 
0 mean value was reached in fall plow treatment (54. 79 ) • The highest mean 
value of angle of internal friction in row was found in fall plow treat-
0 
ment (59.79 ) and the lowest mean value was found in no till treatment 
0 
(54.12 ). The range of angle of internal friction of all of the tillage 
systems for fUrrow position was 2,86° and 5.67° for row position. The 
angle of internal friction in row was 2% greater in the row than it was 
in the furrow. 
An analysis of variance for angle of internal friction after cultiva-
tion operations is shown in Table B-16, Appendix B. Tillage systems were 
not significant. This would be explained from the small differences among 
treatment means. The position was not significant, as would be expected 
from the small differences between mean values for furrow and row posi-
tion. 
In Table 22 the mean changes in cohesion, angle of internal friction, 
moisture content and bulk density as affected by cultivation operations 
in furrow are presented. To visualize the effect of cultivation opera-
tions on both the cohesion and angle of internal friction in furrow posi-
tion, Figures 23 and 24 were constructed, The cohesion mean value from 
fall plow and disk treatment decreased. It is indicated for the negative 
values in Table 22. The plant on ridges, chisel plow and no till treat-
ment, on the other hand, increased as shown by positive values in Table 
22. The reduction of cohesion from fall plow and disk treatment were 
of a very small magnitude. The amount of increased cohesion was of a very 
small magnitude for chisel plow and for no till treatment. The bulk 
density of the soil decreased and moisture content increased for each 
Table 22. Hean changes in cohesion, angle of internal friction, moisture content and bulk 
density as affected by cultivation operations in furrow (after - before) 
Furrowa 
Tillage system c [psiT - -- ~ Tdegraes} -- -~1c C%) BD Ti:;flfcC5 
Fall plow -0.04 0.8? 0.89 -0.239 
Plant on ridges 0.32 6.?9 4.80 -0.191 
Chisel plow o.o6 6.02 3.24 -0.291 
Disk -0.08 0.64 1.94 -0.227 
No till 0.12 5.98 o.o8 -0.176 
SC = Cohesion, ¢ = Angle of internal friction, MC = Moisture content, BD = Bulk density. 
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tillage system. 
A statistical analysis of the cohesion data indicates that the till-
age systems were not significant (Table B-17, Appendix B}. The nonsig-
nificance arises from the small differences among treatment m~ans, shown 
in rable 22. 
The data for Table 22 indicate that the angle of internal friction 
increased for all tillage treatments. The highest mean value of the 
angle of internal friction was reached in plant on ridges treatment and 
the lowest mean value was found in fall plow treatment. Angle of internal 
friction in no till treatment was approximately 12% greater than it was 
in the disk treatment. The change in the angle of internal friction in 
plant on ridges and chisel plow was greater than the other tillage sys-
tems. 
A statistical analysis of change of angle of internal friction data 
indicates that the tillage systems were not significant (Table B-18, 
Appendix B. The nonsignificance can be explained from the small differ-
ences among plant on ridges, chisel plow and no till treatment means. 
The results indicate that the cultivation operation had no effect on 
the values of cohesion of the soil for furrow position in the treatment 
plots. A statistical significance was not shown in the tillage system 
studied. Although statistical significance was not found in the tillage 
systems, the cultivation operations performed on the treatment plots seem 
to be an influence in increasing the angle of internal friction of the 
soil in furrow position. 
In Table 23 the mean change in cohesion, angle of internal friction, 
moisture content and bulk density as affected by cultivation operations in 
Table 23. Hean changes in cohesion, angle of internal friction, moisture content and bulk 
density as affected by cultivations in row (after - before) 
Row a 
Tillage system C (psif~--ndegrees) ~·~MC T'f,) ~-- ~BD (imTcCJ 
Fall plow -0.28 4.820 6.010 -0.277 
Plant on ridges -0.52 7.316 1.562 -0.093 
Chisel plow -0.14 5.566 4.810 -0.298 
Disk -0.06 7.096 0.906 -0.214 
No till o.o8 0.322 2.678 -0.189 
Be = Cohesion, ¢ = Angle of internaL-friction, MC = Moisture content, BD = Bulk _density, 
...... 
N 
0'-
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row are shown for all treatments. Figures 25 and 26 illustrate the cohe-
sion change and angle of internal friction of the treatments. Table 23 
shows a decrease in cohesion for fall plow, plant on ridges, chisel plow 
and disk treatments, while the no till treatment shows an increase in 
cohesion. Although the row area was not disturbed, there was some soil 
thrown into this area with the cultivation operations. For this reason 
one would expect the row area to show a slight decrease in cohesion and 
an increase in angle of internal friction of the soil. The amount of 
increased cohesion in no till treatment was of a very small magnitude. 
The bulk density of the soil decreased and moisture content increased for 
all tillage systems. The angle of internal friction (Table 23) increased 
for all tillage systems. The highest mean value of angle of internal 
friction was found in plant on ridges treatment and the lowest mean value 
was reached in no till treatment. The angle of internal friction in plant 
on ridges and disk treatment was greater than the other tillage systems. 
The main effect for position was not found to be significant when the 
cohesion and angle of internal friction data were statistically analyzed 
(TablesB-17, B-18, Appendix B). The nonsignificance originates from 
examination of overall mean for cohesion and angle of internal friction in 
furrow and row position. The differences were of a small magnitude. The 
statistical analysis of the moisture content and bulk density change shown 
in Table B-19, Appendix B, indicates that tillage systems and main affect 
position were not significant, The nonsignificance arises from the small 
treatment differences shown in Tables 22 and 23. 
Since the row area was not tilled, the cultivation operations had an 
indirect effect on the values of cohesion and angle of internal friction 
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when the soil was thrown into the row area. The cohesive forces bAtween 
oriented clay particles combined by moisture content and bulk density 
change could probably have caused the decrease in cohesion and the in-
crease in angle of internal friction of the soil. 
Bio-factor of Plant Measurements 
Plant height 
Table 24 shows corn plant height measurements for two dates during 
the growing season. The plant on ridges treatment resulted in shorter 
plants when compared to the rest of the treatments for the two date 
measurements. Average plant height of plow treatment was the tallest 
treatment in the experiment on both dates. Average plant height of no 
tillage treatment was approximately the same when compared to chisel plow 
and disk treatment on the first date, while for the second date, the no 
tillage treatment was shorter than disk and chisel plow treatment. A 
complete analysis of variance was run on the plant-height measurements. 
The calculated F values due to tillage systems (treatments), and date are 
17.97 and 2884.51 respectively. The tabular F values for tillage systems 
and date at the 1% level are 4.77 and 8.10 respectively, meaning that dif-
ferences in plant heights due to tillage systems and date are highly sig-
nificant. The tillage systems x date interaction was not significant, as 
would be expected from the small differences among increments shown in 
Table 24. Analysis of variance table for height of plants are shown in 
Table C-1, Appendix C. 
Two sets of four orthogonal comparisons ware set up to examine till-
age system effects. The first set of orthogonal comparisons involves 
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Table 24. Corn plant heighta (em) for two dates during the growing 
season 
Dates 
Tillage systems 1 2 Increment 
Fall plow 116.23 196.54 80.31 
Plant on ridges 96.16 180.94 84.78 
Chisel plow 107.28 191.26 83.98 
Disk 106.73 185.92 79.19 
No till 105.71 183.39 78.68 
Mean 106.42 187.71 81.29 
~ach value reported in the table is an average of 50 individual 
measurements, 10 plants per plot on 5 plots. 
the partitioning of the tillage systems sum of squares into four con-
trasts. The c1 and c3 contrasts were highly significant, while the c2 
and c4 were not significant. The second set of orthogonal comparisons 
involves the partitioning of the tillage systems x date interaction sum of 
squares into four contrasts. The v1 , v2 , v3, and v4 were not significant. 
The statistical analysis table for the two sets of four orthogonal com-
parison are presented in Table 25. 
Although no statistical difference was shown between any of the till-
age systems for second date measurements, the means of the tillage systems 
indicate that fall plow and chisel plow plots grew taller corn plants as 
compared to that found for plant on ridges, disk and no till treatment. 
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Table 25. Analysis of variance mean squares for height of plants 
Source a DF Mean squaresb 
Set 1 ---
Tillage system 4 424.59** 
c1 1 1085.02** 
c2 1 0.05 
c3 1 569.87** 
c4 1 43.41 
Error 16 60.37 
Set 2 ---
Treatment x date 4 21.50 
v1 1 2.97 
v2 1 37.47 
v3 1 17.07 
v4 1 28.50 
Residual 20 28.64 
ac1, v1 = Orthogonal comparison of the conventional system versus disk, plaat on ridges, chisel plow and no tillage. 
C2, V2 = Orthogonal comparison of no tillage versus chisel plow, 
plant on ridges and disk. 
c,, V3 = Orthogonal comparison of plant on ridges versus chisel 
plow ana disk. 
C4, v4 = Orthogonal comp~rison of chisel plow versus disk. 
bProbability level for F test of significance are indicated here. 
**Significant at 1% level. 
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Conclusion The fall plow and chisel plow treatments favored 
vegetative development of the plants. 
Stand count 
Corn stand counts were made for six dates during the growing cycle. 
Table 26 shows mean values of initial stand count and final stand count. 
Lar~er differences were observed between initial stand count for fall plow 
tillage system and the rest of the tillage systems. Similarly the same 
situation had better initial and final stand count than plant on ridges, 
chisel plow and disk tillage systems. 
An analysis of variance for s t and count was run on six dates during 
the growing season. Since for tillage systems, date and tillage systems 
x date interaction, the calculated F values are higher than tabular F 
values at 1% level, the differences in stand count are highly significant 
due to tillage systems, date and tillage systems x date interaction. 
Table 26. Initial and final stand count for corn 
Tillage system 
Fall plow 
Plant on ridges 
Chisel plow 
Disk 
No till 
Initial 
(Plants/acre) 
26464 
19835 
18159 
19648 
19882 
Stand count 
Final 
(Plants/ acre) 
23650 
17760 
17280 
171-41 
18982 
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A complete analysis of variance table for corn stand count is shown in 
Tables C-2, C-3, and C-4, Appendix C. 
Two sets of four orthogonal comparison were set up to find out till-
age system effects. The first set of orthogonal comparison correspond to 
initial stand count. The c1 contrast was highly significant as reflected 
in the mean performance of fall plow tillage system (Table 26). The c4 
contrast was significant at the 5% level due to the variation for initial 
stand count between chisel plow and disk. The c2 and c3 contrast dif-
ferences were not found to be significant as expected from the small 
variation for initial stand count. The second set of orthogonal compari-
son correspond to final stand count. The c1 and c2 contrast differences 
were highly significant as would be expected from the large fluctuations 
for final stand count among tillage systems shown in Table 26. The sta-
tistical analysis table for two sets of four orthogonal comparison are 
indicated in Tables 27 and 28. 
In general, the highest stand count occurred with the fall plow 
treatment. 
Corn yield 
Table 29 shows the corn moisture at harvest and the corn yield of 
each tillage system. Highest and lowest average yields were produced in 
fall plow and disk treatments respectively. Highest and lowest corn mois-
tures were obtained for fall plow and chisel plow treatments respective-
ly. The yield of the plant on ridges, chisel plow and disk treatments 
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Table 27. Analysis of variance mean squares for initial stand count . 
a Source 
Tillage system 
c1 
c2 
c3 
c4 
Error 
4 
16 
DF 
1 
1 
1 
1 
b Mean squares 
52 701574. 66* * 
200698222 .24** 
1673340.00 
2890444.80 
5 5442 91. 60* 
800122,93 
aC = Orthogonal comparison of the conventional system versus disk, 
plant o~ ridges, chisel plow and no tillage, 
C2 = Orthogonal comparison of no tillage versus chisel plow, plant 
on ridges and disk, 
c
3 
= Orthogonal comparison of plant on ridges versus chisel plow and 
disk, 
C4 = Orthogonal comparison of chisel plow versus disk. 
bProbability level for F test of significance are indicated here, 
*Significant at 5% level. 
**Significant at 1% level. 
were lower by 1.20, 4.12 and 12.64 bushels per acre, respectively, than 
the no till treatment. The corn moisture at harvest of chisel plow and 
disk treatments were approximately the same. The same situation is shown 
for corn moisture for plant on ridges and no till treatment, 
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Table 28. Analysis of variance mean squares for final stand count 
a Source 
Tillage system 
c1 
c2 
c3 
c4 
Error 
4 
4 
DF 
1 
1 
1 
1 
b Mean squares 
36952997.35** 
137292775. 83** 
9462893.06** 
1007600.13 
48720.40 
502129.13 
ac1 = Orthogonal comparison of the conventional system versus disk, plant on ridges, chisel plow and no tillage. 
c2 = Orthogonal comparison of no tillage versus chisel plow, plant 
on ridges and disk. 
C3 = Orthogonal comparison of plant on ridges versus chisel plow 
and disk. 
c 4 = Orthogonal comparison of chisel plow versus disk. 
bprobability level for F test of significance indicated here. 
**Significant at 1% level. 
An analysis of variance was calculated on corn moisture at harvest 
and yield data. The analysis of variance showed there were highly sig-
nificant differences for yields but the tillage systems were not found to 
be significant for the variable, corn moisture, at harvest. The differ-
ences between treatments for the variable, yield, were primarily 
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Table 29. Corn moisture at harvest (~) and corn yield (bu per acre) of 
each treatment 
Corn moisture Corn yield 
Tillage system (%) (bu per acre) 
Fall plow 26.26 14?.90 
Plant on ridges 25.20 135.54 
Chisel plow 24.38 132 0 62 
Disk 24.64 124.10 
No till 25.12 136.74 
determined by stand. Complets analysis of variance table £or eorn mois-
ture at hs:rvest and yield is shown in Tables C-5, C-6, Appendix c. 
A set of four orthogonal comparison was prepared to determine treat-
ment effect. Table 30 shows the orthogonal comparisons and that c2 , c3 , 
and C4 contrast differences were not significant. The C1 contrast was 
highly significant as reflected by the highest yields produced for fall 
plow treatment and shown in Table 29. 
Conclusion Fall plow treatment produced the highest yields in 
comparison to the other treatments studied in the experiment. These sig-
nificant differences were primarily explained by stand. 
Weed weight 
Table 31 shows weed weight for all tillage systems. Highest and 
lowest average of weed weight were reached in no till and fall plow 
Table JO. Analysis of variance mean squares for corn yield 
a Source 
Tillage system 
c1 
cz 
CJ 
c4 
Error 
4 
16 
DF Mean squaresb 
366.85** 
1 979.69** 
1 1J4.40 
1 171.84 
1 181.47 
49.21 
ac1 = Orthogonal comparison of the conventional system versus disk, 
plant on ridges, chisel plow and no tillage. 
C2 = Orthogonal comparison of no tillage versus chisel plow, plant 
on ridges and disk. 
C3 = Orthogonal comparison of plant on ridges versus chisel plow and 
disk. 
C4 = Orthogonal comparison of chisel plow versus disk. 
bprobability level for F test of significance are indicated here. 
**Significant at 1% level. 
treatments respectively. The weed weight of the plant on ridges and disk 
treatments were higher than chisel plow treatment. This demonstrates the 
ability of conventional system (fall plow) for the control of annual weeds 
and the effect of poor weed control on plant on ridges, disk and no till 
system. 
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Table 31. ~lean weed weight for tillage systems 
Weed weight 
Tillage system (lb DM per acre) 
I 
Fall plow 89.01 
Plant on ridges 3266.17 
Chisel plow 1052.66 
Disk 1740.91 
\ 
No till 3678.13 
The orthogonal comparison showed that the conventional system (fall 
plow) versus disk, plant on ridges, chisel plow and no tillage was sig-
nificant. The significance of this contrast was due to the low weed 
weight in fall plow treatment. The remaining of the contrasts were sig-
nificant, as would be expected from the appreciable fluctuations between 
tillage systems shown in Table 31. An analysis of variance table for 
weed weight is given in Table C-7, Appendix C. Values of corn yield, corn 
moisture and weed weight are given in Table C-8 , Appendix c. 
Conclusion The results show conclusively that the degree of weed 
weight among tillage systems was highly significant. High weed infesta-
tion was reached in no tillage, plant on ridges and disk treatments. The 
conventional system (fall plow) and chisel plow treatment gave the lowest 
weed infestation. 
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A correlation matrix was calculated for four parameters in selected 
tests, Coefficient of correlation is a measure of the degree to which 
two variables vary together, 
In Table 32 the correlation of stand, weed control and yield observa-
tions are shown. The table indicates that the test of significance of the 
correlation coefficients of the parameters studied were not significant 
at 0.01 and 0,05 levels. 
Yield data were evaluated by analysis of variance (Table 33) and 
included terms for replication variables to account for fertility differ-
ences, final stand count, weed weight, height of plant and cone index at 
the three depths. The three types of analysis were fitted to the corn 
yield data1 an analysis of regression for replications, an analysis of 
covariance for final stand count, weed weight, height of plants, and the 
principal components analysis for cone index. 
The analysis of variance for yield as the dependent variable shown 
in Table 33 shows that replications, weed weight, height of plants, and 
cone index at the three depths are not significant. It reveals that 
these parameters did not affect corn yield. The final stand count was 
found to be highly significant. 
Conclusion The corn yields were considerably improved by final 
stand count with an average stand of 18,963 plants per acre, 
A complete analysis of variance for dependent variable yield are giv-
en in Tables C-9, C-10, Appendix C, 
Taole )2. Correlation of stand, weed control, and yield observations 
Stand (plants/A) Weed control 
Initial Final (lbs dry matterTA) 
Initial stand 1.000 
(Plants/A) 
Final stand 0.368 nsa 1.000 
(Plants/A) 
Weed control 0.440 ns 0.)40 ns 1.000 
(lbs dry matter/A) 
Yield 0.164 ns - 0.170 ns -0.)84 ns 
(bu/A) 
ans = No significant difference detected at 0.01 and 0.05 level. 
Yield 
(bu/A) 
1.000 
1-" 
+:-
1-" 
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Table 33. Analysis of variance for corn yields in terms of replications, 
stand count, weed weight, height of plants and cone index 
change (after - before) 
a Source 
Replications 
Stand 
Weed 
Height 
CID1 
CI~ 
CID3 
DF 
4 
1 
1 
1 
1 
1 
1 
Mean squareb 
301.942 
598.067** 
150.527 
0.805 
43.601 
25.251 
35.916 
8CID1 = Cone index change at 0 to 7 inches depth, CID2 = Cone index 
change at 14 inches depth, CIDJ = Cone index at 21 inches depth. 
~obability levels for F tests of significance are indicated here, 
**Significant at 1% level, 
1~ 
S~~y AND CONCLUSIONS 
It is generally accepted that tillage operations are essential to 
the maintenance of good physical conditions of the soil and beneficial to 
crop yields. However, the exact nature of these tillage operation effects 
and how these changes are brought about are, in many instances, questions 
yet to be answered. 
The general purpose of this study was to determine the effects of 
corn tillage systems on physical properties of the soil and bio-factors 
of plants. The specific purpose was to determine the influence of corn 
tillage systems on the bulk density and moisture content; to determine 
the influence of corn tillage systems on the cone index of the soil; to 
determine the influence of corn tillage systems on cohesion and angle of 
internal friction of the soil; and to determine the effects of corn till-
age operations on the bio-factors of plants--such as height of plants, 
stand count, weed control, corn moisture at harvest and corn yields. 
The tillage systems used in this study were fall plow, plant on 
ridges, chisel plow, disk and no till. Measurements were made to deter-
mine the influence of the corn tillage operations on bulk density, soil 
moisture, cone index, cohesion and angle of internal friction. bulk den-
sity and moisture content, both on oven-dry weight basis, were determined 
on undisturbed soil cores, 3 inches in diameter and 3 inches long. The 
soil sheargraph was used for measuring the cohesion and angle of internal 
friction of the soil. Penetrometer readings were taken with a cone pene-
trometer. Uj o-factor of plants measurements were made to determine the 
effect of the corn tillage operations on plant height, stand count, weed 
control, corn moisture at harvest and corn yields. 
On the basis of the results of this study, it is concluded that 
1. The tillage systems did not materially influence the moisture 
content of the soil. 
2. The tillage systems had no significant effect on the cone index 
of the soil. 
). The tillage systems had no significant effect on the angle of 
internal friction of the soil. 
4. The tillage system had no significant effect on values of cohe-
sion of the soil. 
5. The cultivation operations had no effect on bulk density of the 
soil. 
6. The fall plow and chisel plow treatments favored vegetative 
development of the plants. 
?. The highest stand count occurred with the fall plow treatment. 
8. Fall plow treatment produced the highest yields in comparison 
to the other treatments and yield difference could be accounted 
for by differences in stands. 
9. The conventional system (fall plow) and chisel plow gave the 
lowest weed infestation. 
10. The corn yields were considerably improved by final stand count 
with an average stand of 18,963 plants per acre. 
11. Weed weight, height of plants, and cone index did not affect corn 
yields. 
12. Final stand count revealed a highly significant effect on corn 
yield. 
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APPENDIX A 
Table A-1. Analysis of variance for moisture content before tillage-
planting operations 
Source a Degrees of Mean 
freedom square 
REP 2 17.782 
T. SYSTEM 4 28.802 
ERROR (a) 8 31.153 
POS 1 220.171* 
T. SYS TEN x POS 4 3.070 
ERROR (b) 10 34.266 
DEP 4 48.935** 
T. SYSTEM x DEP 16 4. 872* 
POS x DEP 4 16.021** 
T. SYSTEM x POS x DEP 16 4.767 
ERROR (c) 80 2. 736 
CO~TED TOTAL 149 
a REP = Replication., T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5'~ level. 
**Significant at 1·~ level. 
t 54 
Table A-2. Analysis of variance for moisture content after tillage-
planting operations 
Degrees of Mean 
Source a freedom square 
REP 2 26.)81 
'r. SYSTEM 4 16.493 
ERROR (a) 8 16.579 
POS 1 3.213 
T, SYSTEM x POS 4 0.822 
ERROR (b) 10 3.344 
DEP 4 214. 649** 
T, SYSTEM x DEP 16 4.366 
POS X DEP 4 4.411 
T. SYSTEM x POS x DEP 16 1.165 
ERROR (c) 80 3.526 
CORREX:TED TOTAL 149 
aREP =Replication. T. SYSTEM= Tillage systems, POS =Position, 
DEP = Depth, 
**Significant at 1% level. 
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Table A-3. Analysis of variance for moisture content change (after -
before) tillage planting operations 
Degrees of Mean 
Source a freedom square 
REP 2 40.670 
T. SYSTEN I+ 148.536 
ERROR (a) 8 11+7.539 
POS 1 553.167* 
T, SYSTEM x POS I+ 3.657 
ERROR (b) 10 59.103 
DEP I+ 130.210** 
T, SYSTEM x DEP 16 22.386 
POS x DEP I+ 1+9.425 
T, SYSTEM x POS x DEP 16 12.699 
ERROR (c) 80 11+.229 
RESIDUAL 150 0.535 
CORREX::TED TOTAL 299 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth, 
*Significant at 5% level. 
**Significant at 1% level, 
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Table A-4. Analysis of variance of the depth for linear and quadratic 
effect in change (after - before) tillage-planting operations 
fit. 
DL 
LF 
Degrees of 
freedom 
1 
1 
2 
Mean 
square 
47.447 
21.424 
a 
DL = Depth linear effect, ~ = Depth quadratic effect, LF = Lack of 
**Significant at 1% level. 
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Table A-5. Analysis of variance for cone index before tillage-planting 
operations 
Degrees of Mean 
Sourcea freedom square 
REP 4 7931.136** 
T. SYST:El1 4 2866.502* 
ERROR (a) 16 820.587 
POS 1 8.173 
T. SYSTEM x POS 4 122.214 
ERROR (b) 20 265.088 
DEP 2 3969.581** 
T. SYST:El1 x DEP 8 1093.439** 
POS x DEP 2 873.865** 
T. SYSTEM x POS X DEP 8 232.978 
ERROR (c) 80 164.281 
CORRECTED TOTAL 149 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5~ level. 
**Significant at 1% level. 
Table A-6. Analysis of variance for cone index after tillage-planting 
operations 
Degrees of Mean 
Source a freedom square 
REP 4 1753.319* 
T. SYSTEM 4 433.480 
ERROR 16 583.725 
POS 1 79.270 
T. SYSTEM x POS 4 192. 66o 
ERROR (b) 20 155.254 
DEP 2 3363.837** 
T. SYSTEM x DEP 8 111.902 
POS x DEP 2 300,186 
T. SYSTEM x POS x DEP 8 229.230 
ERROR (c) 80 114.011 
CORREX:TED TOTAL 149 276.642 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth, 
*Significant at 5% level, 
**Significant at 1% level. 
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Table A-7. Analysis of variance for depth of cone index in tillage-
planting operations 
a 
Source 
DEP 
DL 
.ERROR 
Degrees 
of 
freedom 
2 
1 
1 
80 
Before 
3969 • .581** 
77.50.198** 
188.96'+ 
164-,281 
Mean squaresb 
Change 
After (after - before) 
.59.020 
6631.263** 
96.4-10 30,8.51 
111+. 011 .5'+3.174 
~p = Depth, DL = Depth linear effect, DQ = Depth quadratic effect, 
~obability levels for F tests of significance are indicated here. 
**Significant at 1% level. 
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Table A-8. Analysis of variance for cone index change (after - before) 
tillage-planting operations 
Degrees of Mean 
Source a freedom square 
REP 4 30337.4.51** 
T. SYSTEM 4 2262.229 
ERROR (a) 16 132.5. 722 
POS 1 73.071 
T. SYS T.EM x POS 4 641 • .5.59 
ERROR (b) 20 813.323 
DEP 2 .59.020 
T. SYSTEM x DEP 8 1474.169 
POS x DEP 2 301,134 
T, SYSTEM x POS x DEP 8 870.673 
ERROR (c) 80 .543.174 
RESIDUAL 1.50 .508,887 
CORREX:: TED TOTAL 299 1036.o6o 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth, 
*Significant at .5% level, 
**Significant at 1% level, 
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Table A-9. Analysis of variance for cohesion before tillage-planting 
operations 
Degrees of Mean 
Source a freedom square 
REP 3 0,037 
T. SYSTEN 4 0,025 
ERROR (a) 12 0,033 
POS 1 o.o31 
T. SYSTEl-1 x POS 4 0,063 
ERROR (b) 15 0,026 
CORREX::TED TOTAL 39 
~ = Replication, T, SYSTEM = Tillage system, POS = Position. 
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Table A-10. Analysis of variance for angle of internal friction before 
tillage-planting operations 
REP 
T. SYSTlli 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
CORREI: TED 'IDTAL 
Degrees of 
Freedom 
3 
4 
12 
1 
4 
15 
39 
Mean 
square 
24.664 
17.584 
18.443 
2166.489** 
29.851 
12.264 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position. 
**Significant at 1% level. 
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Table A-11. Analysis of variance for cohesion after tillage-planting 
operations 
REP 
T. SYSTEM 
ERROR (a) 
POS 
T. SYST:El-1 x POS 
ERROR (b) 
CO~TED TOTAL 
Degrees of 
freedom 
3 
4 
12 
1 
4 
15 
39 
Mean 
square 
0.072 
0.191 
0,160 
0,07) 
0,267* 
0,085 
a REP = Replication, T. SYSTEM = Tillage system, POS = Position, 
*Significant at 5~ level. 
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Table A-12. Analysis of variance for angle of internal friction after 
tillage-planting operations 
REP 
T. SYSTEl-1 
ERROR (a) 
POS 
T. SYSTD1 x POS 
ERROR (b) 
COR.REX:TED TOTAL 
Degrees of 
freedom 
3 
4 
12 
1 
4 
15 
39 
Mean 
square 
141.577 
44.949 
60.147 
0.183 
8.666 
13.102 
~EP = Replication, T. SYSTEM = Tillage system, POS = Position. 
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Table A-13. Analysis of variance for cohesion change (after - before) 
tillage-planting operations 
REP 
T. SYSTEN 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
CORRECTED TOTAL 
Degrees of 
freedom 
3 
4 
12 
1 
4 
15 
39 
Mean 
square 
0.013 
0.247 
0.128 
0.201 
0.218 
0.058 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position. 
*Significant at 5% level. 
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Table A-14. Analysis of variance for angle of internal friction change 
(after - before) tillage-planting operations 
REP 
T. SYSTEM 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
CORRECTED TOTAL 
Degrees of 
freedom 
3 
4 
12 
1 
4 
15 
39 
Mean 
square 
52.379 
74.110 
70,885 
2206.561** 
8.579 
20,316 
~EP = Replication, T. SYST~i = Tillage system, POS = Position, 
**Significant at 1% level. 
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Table A-15. Analysis of variance for variable moisture content and bulk 
density change (after - before) tillage-planting operations 
in soil sheargraph 
REP 
a Source 
T. SYSTEM 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
CO.RRE:TED TOTAL 
Degrees 
of 
freedom 
3 
4 
12 
1 
4 
15 
39 
b Mean sguares 
Moisture Bulk 
content density 
36.212 0.033 
1.512 0.061** 
8.424 0.007 
22.290 4.029** 
6.076 0.051* 
5.756 0.013 
8.941 
aREP = Replication, T. SYSTEN = Tillage system, POS = Position. 
bProbability level for F tests of significance are indicated here. 
*Significant at 5% level. 
**Significant at 1% level. 
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Table B-1. Analysis of variance for variable bulk density before cultiva-
tion operations 
Degrees of !-lean 
Source8 freedom square 
REP 4 0.673** 
T. SYSTBJvl 4 0,048 
ERROR (a) 16 0.125 
POS 1 0.712 
T, SYSTBJvl x POS 4 0.340 
ERROR (b) 20 0.182 
DEP 4 o. 956* 
T. SYS TE21 x DEP 16 0,147 
POS x DEP 4 0.124 
T. ~YSTEM X POS X DEP 16 0.151 
ERROR (c) 158 0.157 
RESIDUAL 248 0.142 
CORREX:! TED TOTAL 495 0.161 
8 REP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5% level, 
**Significant at 1~ level. 
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Table B-2. Analysis of variance for variable bulk density after ~ultiva­
tion operations 
Degrees of Mean 
Source a freedom square 
REP 4 0.063 
T. SYSTEM 4 0.030 
ERROR (a) 16 0,063 
POS 1 1.o85** 
T • SYS TEl1 x POS 4 0,006 
ERROR (b) 20 0.051 
DEP 4 0.889** 
T. SYSTEM x DEP 16 0.033 
P0S x DEP 4 0,204 
T, SYS T:El1 x POS x DEP 16 0.033 
ERROR (c) 160 0.026 
RESIDUAL 248 0,001 
CORRB:TED TOTAL 497 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
**Significant at 1~ level. 
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Table B-3· Analysis of variance of the bulk density depth for linear, 
quadratic and lack of fit in cultivation operations 
a Source 
DEP 
DL 
LF 
ERROR 
Degrees 
of 
freedom 
4 
1 
1 
2 
Before 
o. 956* 
2.713** 
0.666* 
0.224 
0.157(158)c 
Mean sguaresb 
Change 
After (after - before) 
0.888** 0.0?2 
3· 019** 0.001 
0.510** 0.016 
0.015 0.135 
o.o26(16o) 0.168(158) 
aDEP = Depth, DL = Depth linear effect, 00 = Depth quadratic effect, 
LF = Lack of fit. 
~obability levels for F tests of significance are indicated here. 
C() Degrees of freedom. 
*Significant at 5% level. 
**Significant at 1% level. 
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Table B-4. Analysis of variance for variable bulk density change (after-
before) cultivation operations 
REP 
T. SYSTEM 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
DEP 
T. SYST:E21 x DEP 
POS x DEP 
T. SYST:E21 x POS x DEP 
ERROR (c) 
RESIDUAL 
CORRECTED TOTAL 
Degrees of 
freedom 
4 
4 
16 
1 
4 
20 
4 
16 
4 
16 
158 
246 
493 
· · Mean 
square 
0.613* 
0.082 
0.199 
0.030 
0.310 
0.170 
0.072 
0.165 
0.420* 
0.188 
0.168 
0.144 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5% level. 
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Table B-5. Analysis of variance for variable moisture content before 
cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 518.537*" 
T. SYST:El"l 4 79.231 
ERROR (a) 16 100.656 ' 
POS 1 13.394 
T. SYSTEM x POS 4 23.963 
ERROR (b) 20 19.889 
DEP 4 70.968** 
T. SYS T.EM x DEP 16 18.023 
POS x DEP 4 70.931** 
T. SYS T.EM x POS x DEP 16 8.203 
ERROR (c) 153 12.852 
Iill>IDUAL 243 0.174 
CORRECTED 'rOTAL 485 15.473 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
**Significant at 1% level. 
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Table B-6. Analysis of variance for variable moisture content after 
cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 )66.6.31* 
T, SYSTEM 4 47.819 
ERROR (a) 16 88.728 
POS 1 167 • .35.3* 
T, SYSTEM x POS 4 19.286 
ERROR (b) 20 15.259 
DEP 4 165.975** 
T. SYSTEM x DEP 16 15.164 
POS x DEP 4 21.254 
T. SYSTEM x POS X DEP 16 12.164 
ERROR (c) 160 12.08.3 
RESIDUAL 248 1.180 
CORR.EX:: TED TOTAL 497 14.16.3 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 3% level. 
**Significant at 1% level, 
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Table B-7. Analysis of variance for linear, quadratic and lack of fit 
for main effect depth for cultivation operations 
DEP 
DL 
LF 
ERROR 
Degrees 
of 
freedom 
4 
1 
1 
2 
Before 
70.968** 
163.489** 
0.416 
59.984** 
12,852(153) 
b Mean squares 
Change 
After (after - before) 
165.975** 89.113** 
200,262** 0.259 
297. 986** 319.020** 
82. 825** 
12.083(160) 20.707(153) 
a 
DEP = Depth, DL = Depth linear effect, DQ = Depth quadratic effect, 
LF = Lack of fit. 
~obability levels for F tests of significance are indicated here. 
0 () Degrees of freedom. 
**Significant at 1% level. 
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Table B-8. Analysis of variance for variable moisture content change 
(after - before) cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 9.5.488 
T. SYSTEM 4 23.673 
ERROR (a) 16 .52. 024 
POS 1 319.9.5.5* 
T. SYST~1 x POS 4 47.036 
ERROR (b) 20 42.173 
DEP 4 89.113** 
T. SYSTBlf x DEP 16 12.388 
POS X DEP 4 60.4.56* 
T. SYSTEM x POS x DEP 16 23 • .518 
ERROR (c) 1.53 20.707 
RESIDUAL 241 1.380 
CORRECTED TOTAL 483 1.5.184 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at .5~ level. 
**Significant at 1% level. 
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Table B-9. Analysis of variance for variable cone index before cultiva-
tion operations 
Degrees of Mean 
Source a freedom square 
REP 4 5804.837** 
T, SYSTEM 4 2666.019* 
ERROR (a) 16 359.871 
POS 1 1695.796* 
T, SYSTEM x POS 4 206.731 
ERROR (b) 20 216.731 
DEP 2 79653. 564* * 
T, SYSTEM x DEP 8 744.514 
POS X DEP 2 2745.884** 
T, SYSTEM x POS x DEP 8 194.682 
ERROR (c) 80 192.489 
RESIDUAL 150 102.865 
CORREX;TED TOTAL 299 834.912 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5% level. 
**Significant at 1% level. 
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Table B-10. Analysis of variance for cone index after cultivation opera-
tions 
Degrees of Mean 
Source a freedom square 
REP 4 1085).859** 
T. SYSTEM 4 27).871 
ERROR (a) 16 602.453 
POS 1 1597.195 
T. SYSTEM x POS 4 11)).071 
ERROR (b) 20 458.)56 
DEP 2 681)8.287** 
T. SYSTEM x DEP 8 1765.991 ** 
POS X DEP 2 201.499 
T, SYSTEM x P0S x DEP 8 10).251 
ERROR (c) 80 279.526 
RESIDUAL 150 210.514 
COR.R&:TED TOTAL 299 919.798 
aREP = Replication, T. SYSTEM= Tillage system, POS = Position, 
DEP = Depth. 
**Significant at 1% level. 
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Table B-11. Analysis of variance for linear and quadratic effects for 
main factor depth in cultivation operations 
DEP 
DL 
ERROR 
Degrees 
of 
freedom 
2 
1 
1 
80 
Before 
74146.074** 
Mean sguaresb 
After 
68138.287** 
86108.315** 
50168.259** 
279.526 
Change 
(after - before) 
3385.761** 
2480.063** 
4291.459** 
436.559 
aDEP = Depth, DL = Depth linear effect, ~ = Depth quadratic effect. 
bProbability levels for F tests of significance are indicated here. 
*Significant at 5% level. 
**Significant at 1% level. 
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Table B-12. Analysis of variance for variable cone index change 
(after - before) cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 3903.735 
T. SYSTEM 4 3476.961 
ERROR (a) 16 1592.653 
POS 1 205.177 
T. SYSTEM x POS 4 2567.700* 
ERROR (b) 20 881.958 
DEP 2 3385.761** 
T. SYSTEM x DEP 8 831.885 
POS x DEP 2 910.821 
T. SYSTDf x POS x DEP 8 575.186 
ERROR (c) 80 436.559 
RESIDUAL 150 424.072 
CORREX:TED TOTAL 299 673.932 
aREP = Replication, T. SYSTEM = Tillage system, POS = Position, 
DEP = Depth. 
*Significant at 5% level. 
**Significant at 1% level. 
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Table B-13. Analysis of variance for variable cohesion before cultiva-
tion operations 
REP 
T. SYSTEM 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
COR.REX:TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
1 
4 
20 
49 
Mean 
square 
1. 08.52* 
0.1317 
0.2904 . 
0.2888 
0.1803 
0.1620 
0.2809 
~ = Replication, T. SYSTE}I = Tillage system, POS = Position. 
*Significant at 5% level. 
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Table B-14. Analysis of variance for variable angle of internal fric-
tion before cultivation operations 
REP 
a Source 
T. SYSTEM 
E.'RROR (a) 
POS 
T. SYS T.El1 x POS 
ERROR (b) 
CO~TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
1 
4 
20 
49 
Mean 
square 
76.55) 
25.568 
25.754 
0.44) 
22.512 
11.189 
2).159 
~ = Replication, T. SYSTEM = Tillage system, · POS = Position. 
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Table B-15. Analysis of variance for variable cohesion after cultiva-
tion operations 
Degrees of Mean 
Source a freedom square 
REP 4 0.402* 
T. SYSTEl-1 4 0.116 
ERROR (a) 16 0.094 
POS 1 0.145 
T. SYS TEl-1 x POS 4 0.077 
ERROR (b) 20 0.096 
CORIUX:TED TOTAL 49 0.121 
~ = Replication, T. SYSTEM = Tillage system, POS = Position. 
*Signit·icant at 5'f, level. 
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Table B-16. Analysis of variance for variable angle of internal fric-
tion after cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 44.759 
T. SYST:&l1 4 1.731 
ERROR (a) 16 18 • .524 
POS 1 16.485 
T. SYS T:&l1 x POS 4 59.203 
ERROR (b) 20 23.490 
CORREX:TED TOTAL 49 24.6o1 
~ = Replication, T. SYSTEM = Tillage system, POS = Position. 
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Table B-17. Analysis of variance for variable cohesion change (after-
before) cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 1,281 
T. SYSTEM 4 0.093 
ERROR (a) 16 0.443 
POS 1 0.845 
T • SYS Til1 x POS 4 0,292 
RESIDUAL 20 0,233 
CORREX;TED TOTAL 49 0.393 
aREP = -Replication, T. SYS~I = Tillage_ ~yst~, FPOS = P.esition. 
Table B-18. Analysis of variance for variable angle of internal fric-
tion (after - before) cultivation operations 
Degrees of Mean 
Source a freedom square 
REP 4 93.977 
T, SYSTE11 4 )2.873 
ERROR (a) 16 58.555 
POS 1 11 • .520 
T I SYSTE11 X POS 4 53.259 
RESIDUAL 20 38.178 
CO~TED TOTAL 49 49.641 
~ = Replication, T. SYSTEM = Tillage system, PQS. = Positioft, . .. -
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Table B-19. Analysis of variance for variable moisture content and bulk 
density change (after - before) cultivation operations in 
soil sheargraph 
REP 
T. SYSTEM 
ERROR (a) 
POS 
T. SYSTEM x POS 
ERROR (b) 
CO~TED TOTAL 
Degrees 
of 
freedom 
4 
4 
16 
1 
4 
20 
49 
Mean squares 
Moisture Bulk 
content density 
37.931 0.007 
14.811 o.o36 
25.945 0.024 
12.550 o.oo1 
26.215 o.oo6 
8.286 o.oo8 
18.556 0.015 
~=Replication, T. SYSTEM= Tillage system, POS =Position. -
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APPENDIX C 
Table C-1. Analysis of variance for height of plant in date 
Source 
REPLICATIOK> 
TilLAGE SYSTEM 
ERROR (a) 
DATE 
Tll.LAGE SYSTlil1 x DATE 
ERROR (b) 
TOTAL 
Degrees of 
freedom 
4 
4 
16 
1 
4 
20 
49 
Sum of 
squares 
327.35 
1698.35 
965.94 
826o1.13 
86.01 
572.72 
86251.50 
Mean 
square 
81,84 
424.59 
60.37 
826o1.13 
21.50 
28.64 
F 
7.03** 
17.97** 
....... 
0) 
2884.51** 
?} 
0.75 
Table c-2. Analysis of variance for variable stand count in date 
Source 
REPLICATIONS 
TILLAGE SYSTEM 
ERROR (a) 
DATE 
TilLAGE SYST:El-1 x DATE 
mROR (b) 
CORR&;TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
5 
20 
100 
149 
••Sipitic&Bt at 1~ level. 
Sum of 
squares 
18916691 
93826126o 
41234253 
48093075 
13935633 
28783257 
1089224170 
Mean 
square 
4729173 
234565315 
2577141 
9618615 
696732 
287833 
7310229 
F cv 
1.83 2.7233~ 
91o01 ** 
33.41** 
2.42** ~ 
?S ...... 
co 
'[) 
Table C-3· Analysis of variance for initial stand count 
Source 
REPLICATIONS 
TILLAGE SYSTtl<I 
ERROR 
CORRFX!TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
24 
**Significant at 1~ level. 
Sum of 
squares 
1732034.24 
210806298.64 
12801966.95 
225340299.84 
~1ea.n 
square 
433008.56 
52701574.66 
800122.93 
F 
0.54 
65.86** 
cv 
4.3~ 
....... 
'8 
Table C-4. Ana.Js"sis of variance for final sta.nd count . · 
Source 
REPLICATIONS 
TILLAGE SYSTE-1 
ERROR 
CO~TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
24 
. **Significant at 1~ level. 
Sum of 
squares 
1921065.04 
147811989.43 
8034066.16 
15776'7120.64 
Mean 
square 
48o266,26 
36952997.35 
502129.13 
F 
0.95 
73.59** 
cv 
3·73&f, 
~ 
~ 
Table C-5. Analysis of variance for corn moisture at harvest 
Source 
REPLICATIONS 
TILLAGE SYSTEl-1 
ERROR 
CORRE:TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
24 
Sum of 
squares 
3.74 
10.42 
16,22 
30.38 
Hean 
square 
0.93 
2,60 
1.01 
1,26 
F cv 
0,92 4.008% 
2.56 
...... 
"' N 
Table C-6. Analysis of variance for variable yield 
Source 
REPLICATIONS 
TILLAGE SYSTEl1 
ERROR 
COR.R.El:TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
24 
**Significant at 1% level. 
Sum of 
squares 
524.08 
1467.40 
787.39 
2778,88 
Mean 
square 
131.02 
366.85 
49.21 
115.78 
F 
2,66 
7.45** 
cv 
5.181% 
~ 
(g 
Table C-7o Analysis of variance for variable weed 
Source 
REPLICATIONS 
TILLAGE SYSTEl1 
ERROR 
CORREX:TED TOTAL 
Degrees of 
freedom 
4 
4 
16 
24 
**Significant at 1~ level. 
Sum of 
squares 
.54691.990 
117720.485 
71063.858 
242376.333 
Kean 
square 
13672.99 
29430.12 
4441.49 
F 
3.09 
6.62•• 
cv 
95.gl~ 
....... 
"' ~ 
Table C-8, Values of corn yield, corn moisture, and weed weight 
Tillage 
system 
Fall plo't-r 
" 
" 
" 
.. 
Plant on ridges 
.. 
" 
.. 
.. 
Chisel plow 
.. 
" 
" 
" 
Replications 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
Corn yield 
(bu/A) 
149.60 
141.30 
146.90 
141.80 
159.90 
138.20 
126.30 
125.30 
147.20 
140.70 
.. 
133.90 
128,30 
125.80 
130.50 
144.60 
Corn moisture 
(%) 
26.10 
26.30 
24.50 
26.80 
27.60 
25.50 
23.60 
26.30 
25.40 
25.20 
23.20 
25.10 
25.00 
25.20 
23.40 
Weed weight 
(lb fl1/A) 
96.75 
135.45 
212,85 
o.oo 
o.oo 
2592.96 
9481.75 
4257.11 
o.oo 
o.oo 
1993.10 
328.95 
193-50 
812.72 
1935.05 
~ 
'\!) 
\J\ 
Table C-8. Continued 
Tillage Corn yield Corn moisture Weed weight 
system Replica. tions (bu/A) (%) (lb TM/A) 
Disk 1 121.80 22.90 3146.93 
.. 2 112.10 24.40 1902.55 
.. 3 136.40 24.90 1741.54 
" 4 117.40 25.50 387.01 
" 5 1)2.80 25.50 1526.55 
No till 1 1)2. 70 25.40 2937.40 ....... '\() 
a-
" 2 137.20 25.)0 2641.)4 
.. 3 13).80 24.70 8997.98 
" 4 144.50 26.10 2128.55 
,, 
5 1)5.50 24.10 1685.42 
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Table C-9. Analysis of variance for corn yields in terms of replica-
tions, stand count, l-J'eed weight, height of plants and cone 
index before 
Replications 
Stand 
Weed 
Height 
CIB1 
c~ 
CIB3 
Degrees of 
freedom 
4 
1 
1 
1 
1 
1 
1 
Mean 
square 
244.42 
471.03 
152.14 
10.41 
0.45 
6.47 
24.17 
F 
0.92 
7.11* 
2.29 
0.15 
o.oo6 
0.09 
0.36 
&ciB1 = Cone index at 0 - 7 inches depth (before), CIB
2 
= Cone i:rxlex 
at 14 imlies depth (be.fore), CIBJ = Cone index at. 21 inches depth (be-
fore), 
*Significant at 5% level. 
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Table C-10. Analysis of variance for corn yields in terms of replica-
tions, stand count, weed weight, height of plants and cone 
index after 
a Source 
Replications 
Stand 
Weed 
Height 
CIA1 
c~ 
CIAJ 
Degrees of 
freedom 
4 
1 
1 
1 
1 
1 
1 
Mean 
square 
202.06 
689.16 
97.59 
0.11 
)2.05 
28.65 
86.62 
F 
0.91 
12.~** 
1.76 
0.002 
0.57 
0.51 
1.56 
~IA =Cone index at 0- 7 inches depth (after), CIAz =Cone index 
at 14 inches depth (after), CIAJ = Cone index at 21 inches depth (after). 
**Significant at 1~ level. 
